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\  X.  SUMMARY  (U) 


A. 


INTRODUCTION^Wr^ 


1.  (U)  General, ^This  report  is  a  cocnpilation  and  description  of  the 

measures  of  effectiveness  which  have  been  used  in  the  analysis  and  compari¬ 
son  of  US  and  USSR  strategic  nuclear  forces  and  weapons  systems.  The  primary 
purpose  of  the  report  is  to  provide  an  understanding  of  the  measures  of 
effectiveness  which  can  be  used  in  an  analysis  of  the  strategic  balance. 
Although  a  knowledgeable  strategic  analyst  may  consider  some  of  the  discus¬ 
sions  elementary,  the  manner  of  presentation  has  been  selected  to  make  the 
report  useful  to  a  wide  range  of  readers. 

Historical  trend  plots  of  thirteen  general  measures  of  effectiveness 
and  relevant  subsets  of  these  measures  of  effectiveness  are  presented.  For 
each  measure,  a  description  which  identifies  the  limitations  and  uncertain¬ 
ties  associated  with  the  particular  measure  is  provided: 

The  thirteen  basic  measures  considered  are: 


•  Strategic  Nuclear  Delivery  Vehicles/ 

•  Independently  Targetable  Warheads,  • 

•  ICBM  Throw-weight; 

•  SLBM  Maximum  Range/ 

•  Gross  Yield; 

•  Equivalent  Megatons/ 

•  Lethal  Area  potential/' 

•  Weapon  System  Delivery  Accuracy* 

•  Hard  Targot  Kill  Capability/ 

•  Counter  Military  Potential/ 

•  Surviving  ICBM  Launchers/ 

•  Retaliatory  Equivalent  Weapons  / 

•  Strategic  Defensive  Systems  ^ 

A  conscious  effort  was  made  to  provide  an  unbiased  trend  analysis 
for  each  measure  through  the  use  of  valid  source  materials  and  comparable 
data.  Each  of  the  trend  graphs  is  thus  a  visual  comparison  of  some  aspect 
of  the  strategic  balance. 


2.  Background.  From  July  1945  until  August  of  1949  the  United 

States  had  a  nuclear  monopoly.  Since  August  1949,  when  the  Soviet  Union  ex¬ 
ploded  its  first  nuclear  device,  aiialysts  have  been  confronted  with  the  prob¬ 
lem  cf  portraying  the  strategic  nuclear  balance  in  a  meaningful  manner.  (U) 
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(U)  The  £ixst  nuclear  delivery  vehicle  was  the  manned  bomber.  Because 
of  the  weight  of  early  nuclear  weapons  (over  five  tons) ,  bombers  of  the  late 
1940s  and  early  1950s  could  only  carry  a  single  weapon.  In  1949,  the  US 
nuclear-capable  aircraft  were  piston-powered  B-29s,  B-50s,  and  B-36s.  Of 
these  aircraft,  only  the  B-36  had  the  capability  to  fly  a  10,000  mile  (inter¬ 
continental)  mission  with  a  nuclear  weapon.  At  the  same  time,  the  only  Soviet 
nuclear-capable  delivery  vehicle  was  the  TU-4  BULL,  which  was  a  direct  copy  of 


the  US  B-29. 


(U)  Subsequently,  the  capability  to  deliver  nuclear  weapons  with 
missiles  was  developed.  The  intermediate  Range  Ballistic  Missile  (irbm)  which 
could  be  deployed  to  countries  within  range  of  potential  targe  -s  was  introduced 
in  1958.  The  ballistic  missile  with  intercontinental  range  (i'.3M)  was  intro¬ 
duced  in  1959.  Missile  payload,  reliability,  and  accuracy  wer some  of  the 
new  factors  that  had  to  be  considered  in  addition  to  prelaunch  .urvivability 
as  a  result  of  these  changes. 

(U)  The  strategic  nuclear  balance  analysis  problem  bee; me  even  more 
complex  with  the  addition  of  the  Submarine-Launched  Ballistic  Missile  (SLBM) 
to  the  Scvict  nuclear  arsenal  in  1958  and  the  US  arsenal  in  1961 .  The 
additional  factors  that  had  to  be  considered  included  alert  rate:  and  mis¬ 
sile  range. 

(U)  Further  technological  advances  have  led  to  multiple  reentry 
vehicles,  hardened  silos,  stand-off  weapons,  Anti-Ballistic  Missile  (ABM) 
systens,  etc.  Bach  of  these  has,  in  turn,  introduced  its  own  aet  of  complex¬ 
ities  to  the  problem  of  deriving  a  meaningful  measure  or  set  of  measures  of 
effectiveness . 
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(0)  MEASURES  OF  EFFECTIVENESS . 


X.  General.  Measures  of  effectiveness  used  in  the  analysis  and  compar¬ 
ison  of  nuclear  forces  fall  into  one  of  two  general  categories,  static  and 
dynamic. 

Static  measures  of  effectiveness  are  concerned  with  one  or  store 


particular  aspects  of  nuclear  forces.  At  first,  such  measures  concentrated 
on  a  single  weapon  or  force  attribute  (e.g.,  number  of  strategic  nuclear 
delivery  vehicles,  number  of  independently  targetable  warheads,  total  yield, 
etc.).  More  recent  static  measures  have  combined  more  than  one  weapon  system 
and/or  target  attribute  into  a  single  measure  (e.g.,  counter  military  poten¬ 
tial,  hard  target  kill  capability,  etc.).  Such  measures,  called  aggregate 
measures,  were  developed  in  an  attempt  to  account  for  some  of  the  biases 
present  in  a  measure  because  of  its  single  attribute.  For  example,  yield  is 
a  single  attribute  measure.  However,  yield  taken  by  itself  does  not  con¬ 
sider  any  other  weapon  or  target  characteristic.  In  order  to  consider  the 
usefulness  of  a  weapon  several  other  factors  should  be  considered.  One  of 
these  factors  is  accuracy,  a  measure  of  how  close  to  a  target  a  weapon  can 
be  expected  to  be  placed,  the  measure  of  accuracy  is  CEP  (Circular  Error 
Probable) .  The  two  single  attribute  measures,  yield  and  accuracy,  have  been 
combined  into  an  aggregate  measure  called  counter  military  potential  (CMP) . 
This  measure,  CMP,  is  easy  to  calculate;  however,  it  has  the  disadvantage 
of  disregarding  "die  target  set.  The  prime  disadvantage  of  static  measures 
is  that  they  ten  to  disregard  seme  relevant  factor. 

Dynamic  i easures  of  effectiveness  are  those  which  seek  to  determine 
relative  force  e :  fectiveness  by  estimating  the  probable  outcome  of  a  hypo¬ 
thetical  nuclear  attack  or  exchange  conducted  against  various  target  rets. 
Such  measures  provide  a  probabilistic  solution  to  the  potential  effective¬ 
ness  of  a  force  in  various  scenarios.  The  advantage  of  a  dynamic  measure 
is  that'  it  may  previde  the  answer  to  "what  if"  questions.  However,  such 
measures  are  not  without  disadvantages  which  include  reliance  upon  the 
assumptions  used  ir.  developing  the  scenario  and  uncertainties  present  in 
the  modeling  process.  These  more  sophisticated  dynamic  measures  range  from 
single  point  expected  outcome  analysis  through  large  coeplex  models  which 


attempt  to  account  for  a  multitude  of  factors.  The  problem  in  many  cases 
is  that  a  great  deal  of  uncertainty  exists  about  the  factors  which  influence 
the  model  results. 

In  short,  there  is  no  singli  measure  of  effectiveness  available 
which  can  answer  all  of  the  questic-.:  which  may  need  to  be  addressed  in  an 
assessment  of  the  strategic  balance.  There  are,  however,  me as ures  which  are 
useful  in  addressing  some  particular  aspect  of  this  balance.  This  report 
attempts  to  present  the  generally  used  measures  in  a  meaningful  manner, 
in  an  unbiased  form,  in  order  to  permit  further  assessment. 

2.  Traditional  Indices.  Traditionally,  about  five  or  six  measures 
have  been  utilized  to  compare  the  OS/Soviet  strategic  balance .  This  paper 
is  intended  to  describe  those  indices  which  have  been  utilized  and  explain 
their  limitations  and  the  uncertainties  associated  with  their  derivation. 

These  measures  and  a  brief  description  are: 

•  Strategic  Nuclear  Delivery  Vehicles— the  number  of  missiles 
and  bombers  with  a  strategic  nuclear  delivery  capability. 

This  unit  is  the  basis  of  arms-eontrol  agreements.  It  also 
forms  the  starting  point  for  all  other  measurements  and 
calculations. 

•  Total  yield — the  sum  of  the  individual  yield  in  megatons  of 
each  of  the  deliverable  warheads  (bombs  and  missiles) . 
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•  Warheads — the  total  number  of  individually  targetable  missile 
reentry  vehicles  and  bombs  in  the  inventory. 

•  Payload— the  total  weight  of  the  weapons  carried. 

•  Throw-weight— a  measure  of  a  missile's  load  carrying  capa¬ 
bility.  It  is  used  to  measure  the  total  weight  of  the 
objects  (warheads,  decoys,  dispensers,  bus,  etc.)  which 
may  be  carried  by  the  booster.  Here  booster  is  meant  to 
include  the  boost  stages  and  fuel  used  in  those  stages  of 
the  missile. 

The  above  measures  were  obtained  by  counting  or  summing  the  various 
units.  There  was  little  or  no  comparison  of  effectiveness  of  the  various 
items.  Some  additional  measures  attempted  to  compare  system  effectiveness. 
Two  of  these  are: 


•  Accuracy — the  accuracy  of  a  given  nuclear  delivery  system 
will  provide  some  measure  of  the  effectiveness  of  the  system. 
However,  a  comparison  of  accuracy  capability  by  itself  with- 
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out  considering  target  hardness  or  weapon  yield  has  limited 
usefulness.  In  addition,  accuracy  varies  greatly  with  the 
various  systems  in  the  inventory  and  normally  only  the  newest 
systems  will  attain  the  improved  accuracy. 

•  Range — a  comparison  of  range  capability  will  provide  some 
measure  of  targeting  capability.  Today,  however,  US  and 
USSR  ICSM's  have  a  range  capability  which  allows  targeting 
any  point  in  the  other  country.  Range  capability  does 
play  an  important  part  in  the  planning  and  deployment  of 
ballistic  missile  submarines.  All  potential  targets  are 
not  susceptible  to  attack  from  all  such  submarines  at 

all  times.  In  addition,  the  shorter  the  range  of  its 
missiles,  the  smaller  the  available  operating  area  is  for 
the  submarine. 

Any  measure  of  offensive  forces  can  be  misleading  without  consideration  of 
the  opponent’s  defensive  capabilities.  One  should  address  air  defenses, 
Anti-Submarine  Warfare  (ASW) ,  and  Anti-Ballistic  Missile  (ABM)  assets. 

a  Strategic  surface-to-air  missile  systems— the  total  number 
of  surface-to-air  launchers. 

•  Strategic  air  defense  interceptor  alrcraft—thc  total  number 
of  aircraft  assigned  a  strategic  interceptor  role. 

The  ASW  forces  and  capabilities  of  cither  side  were  not  addressed  in  this 
document.  The  ABH  treaty  eliminates  the  necessity  of  a  detailed  comparison 
of  the  ABM  systems  ol  the  US  and  USSR. 

3.  Other  Indices,  Hone  of  the  above  measures  or  it  dices  provide 
any  comparison  of  the  damage  capability  of  the  forces,  therefore,  other 
indices  have  been  developed  which  attempt  to  measure  the  strateg: c  nuclear 
balance.  These  indices  approach  the  analysis  problem  frer  the  point  of  view 
of  the  effect  on  the  target  (i.e.,  targets  killed  or  target  damage),  and 
attempt  to  equate  the  variety  of  nuclear  weapon  systems  tc  simple  meaningful 
terms. 


•  Lethal  Area  Potential— blast  overpressure  is  one  of  the  destruc¬ 
tive  mechanisms  of  nuclear  explosions.  This  measure  is  an 
estimation  of  the  total  area  which  can  be  covered  with  some  over¬ 
pressure — usually  IS  psi.  The  problem  is  that  targets  are  not 
homogeneously  distributed.  They  vary  in  area  and  spacing. 
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•  Equivalent  Megatons  (EMT) — recognizes  the  fact  that  a  weapon 
with  a  20  Megaton  (KT)  yield  does  not  produce  twenty  times 
the  damage  of  a  1  KT  weapon.  Analysis  shows  that  the  area 
subjected  to  a  given  blast  overpressure  is  proportional  to 
the  two-thirds  power  of  the  weapon's  yield.  In  terms  of  a 
soft  urban-industrial  area  target,  if  the  target  area  is 
large  enough,  a  20  KT  weapon  will  destroy  only  a  little 
more  than  seven  tines  that  of  a  1  KT  weapon.  The  sum  of 
the  individual  weapon's  EMT  of  a  force  was  defined  as  the 
force  EMT  and  was  an  indication  of  the  total  soft  target 
area  which  could  be  covered  by  an  ideal  barrage. 

Since  EMT  only  measures  damage  to  soft  area  targets  (e.g.,  cities) 
and  is  not  meaningful  for  a  comparison  again:. t  hardened  point  targets, 
another  index  has  been  derived. 

»  Cointer  Military  Potential  (CKP)--  obtained  by  dividing  the 
equivalent  yield  by  the  square  of  the  accuracy  or  aiming 
error- (CEP2) .  It  is  also  called  lethality.  This  measure 
still  does  r.ot  directly  consider  target  hardness;  however, 
inclusion  of  accuracy  in  the  measure  does  provide  some 
consideration  that  target  destruction  is  in  part  determined 
by  the  effect  at  the  target. 

None  of  the  above  indices  considers  the  characteristics  of  the  tar¬ 
get.  Since  targets  vary  greatly  in  terms  of  their  vulnerability  to  nuclear 
weapon  effects,  a  measure  of  strategic  balance  which  includes  target  response 
should  be  considered. 

the  analyst  has  many  factors  which  nay  be  used,  all  of  which  will 
affect  the  comparison  it-  varying  degrees.  He  must  consider  addressing  weapon 
characteristics  (i.e.,  timber,  yield,  CEP,  reliability,  capability  to  pene¬ 
trate  a  defensive  system,  etc.),  target  characteristics  (i.e.,  amber,  type, 
response  to  nuclear  weapon  effects,  defensive  systems,  etc.),  targeting 
philosophy,  target  prior; ties,  and  attack  objectives.  To  compare  strategic 
forces*  capabilities,  one  then  addresser  the  probability  of  damaging  a  tar¬ 
get  system  to  a  desired  level  with  the  weapons  available.  The  simplest  of 
this  type  of  measure  totals  and  compares  the  numbers  of  a  given  type  of  target 
each  side  can  damage,  assuming  an  all-out  strike. 

e  Hard  Target  Kill  Capability — a  comparison  of  the  ability  of 
either  force  to  destroy  hardened  targets.  The  composition 
and  characteristics  of  each  force  are  used  against  a  given 
target  set.  The  mater  of  hardened  targets  which  can  be 
killed  is  compared. 
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•  Surviving  I  CBM  Launchers— -another  example  which  can  be 
utilized  to  portray  the  strategic  balance  is  one  in  which 
the  analyst  calculates  a  first  strike  by  one  side  against 
the  other's  offensive  weapons.  After  calculating  the 
effectiveness  of  the  strike,  he  reverses  the  roles  and 
recalculates,  A  comparison  of  the  results  of  the  two 
situations  will  provide  an  indication  of  both  the  first- 
strike  kill  capability  and  the  number  of  weapons  re¬ 
taining  for  additional  strikes.  It  will  also  provide  an 
indication  or  the  retaliatory  forces  available  to  the 
side  suffering  the  initial  attack.  This  Measure,  if  done 
using  appropriate  target  and  weapon  system  characteristics, 
can  provide  Meaningful  results. 

An  extension  of  the  above  uses  the  weapons  surviving  a  first-strike 
and  determines  the  capability  of  these  weapons  in  a  retaliatory  role. 

•  Retaliatory  Equivalent  Weapons— a  Measure  of  the  effective¬ 
ness  of  a  force  against  a  generalized  target  structure  after 
suffering  a  first  strike.  Considered  in  this  Measure  are 
available  (surviving!  weapons  and  their  characteristics 
against  a  designated  target  structure  with  its  character¬ 
istics.1 

4.  Limitations  and  Uncertainties.  Our  perception  of  Soviet  weapon 
systews  and  targets  in  the  Soviet  Union  arc  derived  Iron  intelligence  sources. 
As  a  result.  estiMates  of  characteristics  and  quantities  are  by  necessity, 
imperfect.  In  order  to  account  for  such  inperfections ,  intelligence  sources 
often  provide  a  range  for  various  factors.  One  co— on  Method  of  threat 
assessment  is  to  produce  "high",  "low*  and  "best"  estimates.  Where  data 
sources  have  used  this  method,  the  "best*  estimate  has  been  selected  for 
this  report.  Where  weapon  or  target  characterittics  were  provided  as  a 
range  of  values,  the  Mid  point  has  been  used  in  this  report. 

The  effects  of  nuclear  weapons  on  various  target  structures  have  been 
studied  in  great  detail.  However,  treaties  between  the  US  and  USSR  con- 

2 

cerning  nuclear  explosions  prohibit  certain  types  of  tests  and  limit  others. 


1Fred  a.  Payne.  “The  Strategic  Nuclear  Balance:  A  Mew  Measure,”  Survival, 
Volume  XX.  Humber  3,  May/June  1977,  pp.  107-110. 

^Treaty  Banning  Nuclear  Weapon  Tests  in  the  Atmosphere,  in  Outer  Space,  and 
Under  Water,’  October  10,  1963;  Treaty  Between  the  United  States  of  America 
and  the  Union  of  Soviet  Socialist  Republics  and  protocol  to  the  Treaty 
Between  the  United  States  of  America  and  the  Union  of  Soviet  Socialist 
Republics  on  the  Limitations  of  Underground  Nuclear  Weapon  Tests,  July  3, 
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Underground  nuclear  tests,  which  are  difficult  and  costly,  are  the 
only  types  of  tests  allowed  by  the  treaties.  Because  they  are  conducted 
underground,  nuclear  weapon  effects  tests  must  simulate  the  environment  to 
which  an  object  is  being  tested.  These  factors  make  it  difficult  to  collect 
and  evaluate  data  with  respect  to  the  above-ground  condition  of  a  nuclear 
attack.  As  a  result,  there  is  a  range  of  uncertainty  associated  with  both 
the  actual  effects  that  may  result  from  a  nuclear  explosion  and  the  hard¬ 
ness  of  targets  to  weapon  effects.  Weapon  yield,  height  of  burst,  atmos¬ 
pheric  conditions,  terrain,  soil,  and  accuracy  are  some  of  the  factors  that 
must  be  accounted  for  in  nuclear  weapon  damage  assessment.  Each  of  these 
factors  is  subject  to  variation  or  error.  The  values  used  in  analytic  so¬ 
lutions  have  been  selected  based  upon  normal  distributions  which  in  many 
cases  are  derived  from  small  sample  sets.  Target  hardness,  in  a  similar 
manner,  has  a  range  of  values.  For  example,  a  set  of  silos  constructed  to 
the  same  specifications  in  addition  to  range  of  uncertainty  associated  with 
the  expected  hardness  due  to  the  construction,  will  also  have  varying  hard¬ 
nesses  because  of  soil  conditions,  terrain  effects,  etc. 

Another  uncertainty  associated  with  the  targets  is  position.  These 
include  uncertainties  introduced  by  techniques  employed  to  derive  target 
positions  and  the  accuracy  of  surveys. 

TWo  other  factors  should  be  considered  in  damage  assessment.  These 
are  fratricide  and  the  synergistic  effects  of  multiple  weapon  .  ttacks. 
Fratricide  results  from  the  nuclear  effects  caused  by  a  weapon  explosion, 
and  it  includes  turbulence,  EMP,  dust  lofting,  radiation,  etc.  The  end 
result  may  be  the  destruction  or  damage  to  another  nuclear  wari  .-ad.  The 
second  weapon  may  also  be  deflected  from  its  intended  path  or  caused  to 
detonate  early  or  late  as  a  result  of  the  first  nuclear  explosion.  The 
usual  treatment  of  multiple  weapon  attacks  disregards  any  weakening  or 
damage  that  may  occur  to  the  target  structure  as  a  result  of  the  first 
nuclear  explosion.  Bence,  the  synergistic  effects  of  multiple  weapon 
attacks  have  been  disregarded  except  to  estimate  that  the  timing  problem 
may  be  solved  when  a  multiple  weapon  attack  is  limited  to  two  weapons  per 
target. 

1974  (also  known  as  the  Threshold  Test  Ban  Treaty);  Tr-aty  Between  the 
United  States  of  America  and  the  Union  of  Soviet  Socialist  Republics 
and  Protocol  to  the  Treaty  on  Underground  Nuclear  Explosi  -ns  for  Peace¬ 
ful  Purposes,  May  28,  1976. 
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Failure  to  systematically  treat  the  variables  in  dynamic  assessment 
is  often  caused  by  a  lack  of  knowledge  about  weapon  effects  and  constraints 
on  efficient  force  use .  In  addition,  the  analytic  model  itself  say  contain 
uncertainties  or  inaccuracies  because  of  gaps  or  a  lack  of  knowledge  about 
the  physical  process  being  modeled. 

The  accuracy  of  a  measure  of  effectiveness  is  limited  by  the  uncer¬ 
tainties  and  inaccuracies  present  in  the  data  which  arc  used  to  develop  the 
measure.  Xn  the  main  body  of  the  text  the  uncertainties  and  inaccuracies 
which  may  be  present  in  the  source  data  are  described  in  order  to  provide 
the  reader  with  an  insight  into  the  accuracy  and  limitations  present  in  the 
comparison. 

C.  (0)  METHOD  OF  PRESENTATION. 

This  report,  as  previously  stated,  is  a  compilation  of  the  measures  of 
effectiveness  which  have  been  used  to  coopare  US  and  USSR  nuclear  forces 
and  nuclear  force  capabilities.  A  standard  graphic  technique  has  been 
used  to  portray  the  comparison,  whenever  possible.  This  method  permits  a 
visual  comparison  of  trends  and  projections  in  the  various  measures  of 
effectiveness. 

The  graphic  technique,  which  is  illustrated  by  Figure  1-1  (Example 
Graph),  depicts  tie  comparative  value  of  both  the  United  States'  and  Soviet 
Union's  forces  at  various  past,  present,  and  projected  points  in  time. 

The  US  value  is  s'-uwn  vertically  along  the  ordinate  and  the  Soviet  value 
horizontally  alow  the  abscissa.  A  diagonal  line  on  the  graph  is  provided 
as  an  aid  for  visually  determining  the  trend.  A  point  which  is  above  or  to 
the  left  of  the  diegonal  indicates  that  the  United  States  has  the  advantage 
for  this  particular  point  in  time  for  this  measure  of  effectiveness. 
Correspondingly,  a  i joint  below  or  to  the  right  of  the  diagonal  reference 
line  indicates  that  the  advantage  belongs  to  the  Soviet  Union.  Points  which 
fall  on  the  diagonal  indicate  equality  with  neither  the  US  nor  USSR  having 
an  advantage.  Thus,  the  method  of  presentation  provides  a  trend  line,  a 
comparison  of  both  forces,  and  the  absolute  value  for  both  forces  on  a 
single  graph. 
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Figure  2-1.  Sxan^le  Craph 

In  Figure  1-1,  the  United  States  had  a  2-to-l  (i.e.,  4-to-2  on  the 
graph)  advantage  in  1970.  By  1974,  although  both  nations  had  increased 
their  force  levels,  the  Soviet  Union  had  achieved  equality  with  the  United 
States  (the-  value  for  each  nation  is  6  and  consequently  is  plotted  on  the 
diagonal).  Starting  in  1974,  the  United  States*  absolute  value  shows  a 
steady  decline  (as  weald  be  the  case  were  forces  reduced,  warhead  yields 
decreased,  etc.)  while  the  Soviet  Union  continues  to  add  to  value. 

By  1976,  the  Soviet  Union  has  achieved  a  2-to-l  (i.e.,  8-to-4  on  the 
graph)  advantage.  Additionally  the  projected  trend  indicates  a  further 
advantage  to  the  Soviet  Union  of  3-to-l  (i.e.,  9-to-3  on  the  graph)  by 
1978. 
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GEKERAt,  OBSERVATI Ot’S .  (U) 


(0)  A  suaoary  of  the  thirteen  basic  seuures  and  Many  of  their  relevant 
subsets  is  provided  in  Figures  1-2  through  1—4  which  follow.  Also  shown  is 
the  ratio  of  advantage  in  1986.  When  considering  ratios  care  Must  be  exer¬ 
cised.  For  example/  an  advantage  of  1.3  to  1  in  strategic  nuclear  delivery 
vehicles  would  not  be  very  significant  when  one  side  has  1,300  and  the  other 
has  1,000.  On  the  other  hand  a  1.3  to  1  advantage  night  be  significant  where 
ooe  side  has  the  capability  of  destroying  10,000  targets  and  the  other  side 
has  the  capability  of  destroying  13,000  targets. 

(0)  Figures  1-2  through  1-4  divide  the  Measures  into  three  general  cat¬ 
egories.  These  are  forces  in  Figure  1-2,  weapon  related  Measures  in  Figure 
1-3,  and  attack  capability  in  Figure  1-4. 
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Figure  1-2  (Trends  in  US  and  USSR  Strategic  Forces)  indicates  the 
relative  advantage  for  those  measures  which  are  based  on  numbers  of  weapons 
systems.  In  1986  the  Soviet  Union  will  have  a  clear  advantage  in  total 
strategic  nuclear  delivery  vehicles  and  defensive  systems.  The  United 
States  will  have  an  advantage  in  total  independently  targetable  warheads.  (U) 

•  (U)  Total  Strategic  Nuclear  Delivery  Vehiclos~The  USSR  gained 
the  advantage  in  1972  mainly  as  the  result  of  their  build  up  in 
numbers  of  ICBM  launchers ,  which  exceeded' the  US  total  in  1969 
and  the  increased  numbers  of  Soviet  SLBM  launchers  which  exceeded 
the  number  of  US  SLBM  launchers  in  1973. 

•  (U)  Total  MIRVed  Missiles— the  United  States'  current  advantage 
in  total  MIRVed  missiles  will  be  eroded  during  the  period  with 
the  Soviets  gaining  the  advantage  by  1984  mainly  as  a  result  of 
increases  in  the  number  of  MIRVed  Soviet  ICBM  launchers. 
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Figure  i-3  (Trends  in  US  and  USSR  Strategic  Force  Weapon  Related 
Measures)  illustrates  the  advantage  for  six  basic  measures,  in  1986,  the 
Soviet  Union  will  have  a  clear  advantage  in  four  of  these,  the  United  States 
will  lead  in  one,  and  in  one  measure  neither  side  has  a  clear  advantage.  (U) 

•  (U)  1CBM  Throw-weight — The  Soviet  Union  gained  the  advantage  in 
total  ICRM  throw-weight  in  1967.  This  was  primarily  due  to  the 
US  decision  to  deploy  relatively  small,  solid  propulsion  ICBMs 
and  the  Soviet  continuation  of  the  development  and  deployment 

of  larger,  liquid  propulsion  ICBMs.  They  will  continue  to  in¬ 
crease  their  advantage  in  this  measure  and  by  1986  will  have  a 
3.8  to  1  advantage  over  the  United  States. 

•  (U)  SLBM  Maximum  Range — Introduction  of  the  4000  nautical  mile 
range  TRIDENT  C-4  missile  into  the  US  SSBN  force  on  the  POSEIDON 
missile  submarines  in  1980  will  approximately  match  the  Soviet 
maximum  range  of  4200  for  the  S5N-8  missile.  No  other  changes 
in  this  measure  are  expected  during  the  period  of  time  consid¬ 
ered  in  the  analysis. 

•  (U)  Total  Force  Accuracy— The  United  States  has  an  advantage  in 
average  force  accuracy  for  the  entire  period  considered.  A  major 
contribution  to  this  advantage  is  the  result  of  the  weighted 
average  accuracy  of  the  bomber  force  uhich  has  not  been  separ¬ 
ately  illustrated  in  Figure  1-3.  The  contribution  of  US  ALCM 

to  total  force  average  accuracy  will  become  more  significant 
as  this  weapon  is  phased  in  in  large  numbers  in  the  19eos. 


•  (U)  Total  Equivalent  Megatons—Total  equivalent  megatons,  like 
total  gross  yield  is  the  summation  of  the  three  delivery  ele¬ 
ments.  The  Soviet  advantage  of  2.1  to  1  in  1986  for  this  measure 
is  also  attributed  to  the  Soviet  advantage  in  ICBMs. 

•  (U)  Total  Lethal  Area  Potential— Total  lethal  area  potential 
in  a  similar  manner  is  also  a  summation  of  the  three  delivery 
element  contributions.  The  Soviet  overall  advantage  is  na inly 
due  to  the  greater  number  of  warheads  and  higher  yields  in 
their  1CBM  force. 


E.  (U)  REPORT  ORGANIZATION.  Chapter  II  of  this  report  consists  of  thirteen 
sections.  Each  of  these  sections  contains  a  description  and  discussion  of 
one  of  the  basic  measures  of  effectiveness  and  its  relevant  subsets.  The 
sections  have  been  arranged  so  that  each  section  is  a  logical  extension  of 
the  preceding  material.  Taken  in  sequence  they  cover  numbers  of  strategic 
nuclear  delivery  vehicles,  numbers  of  independently  targetable  warheads, 
strategic  nuclear  weapons  characteristics,  and  then  nuclear  weapon  capabil¬ 
ities.  The  next  two  sections  address  ICBM  first  strikes  and  retaliation. 

The  last  section  is  devoted  to  defensive  systems. 

Nine  appendices  are  provided  which  contain  amplifying  and  reference 
materials.  These  are: 

•  Appendix  A  --  Strategic  ballistic  missile  warhead  yield-to-weight 

relationships. 

•  Appendix  B  --  A  summary  of  some  considerations  concerning  counter¬ 

value  target  structures. 

•  Appendix  C  —  A  brief  description  of  targeting  uncertainties. 

•  Appendix  D  —  Highlights  of  US/USSR  strategic  arms  limitation 

agreements. 

•  Appendix  E  —  Discussion  of  derivation  of  formulas  used  in  the 

analysis. 

•  Appendix  F  —  Brief  description  of  tactical/thcatcr  nuclear  forces 

and  iome  of  the  difficulties  associated  with  direct 

comparisons  of  these  forces. 

•  Appendix  G  —  Tabular  listings  of  strategic  nuclear  weapon  character¬ 

istics. 

•  Appendix  H  —  Glossary  of  terms. 

•  Appendix  1  —  Bibliography. 


II.  THE  MEASURES  AND  TRENDS  <U) 
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A.  STRATEGIC  NUCLEAR  DELIVER?  VEHICLES.  (U) 

1.  General.  This  section  addresses  the  strategic  balance  in  terms 

of  strategic  nuclear  delivery  vehicles.  Weapon  systems  that  have  a  primary 
role  other  than  strategic  warfare  (i.e.,  non-central)  are  not  included,  ex¬ 
cept  as  noted  in  the  discussion  of  individual  measures.  (U) 

(U)  A  common  method  of  determining  a  nation's  force  levels  in  ICBMs  and 
SLBMs  is  to  count  the  missile  launchers.  Although  a  nation  may  have  more 
missiles  than  launchers,  the  number  of  launcher*  is  the  limiting  factor  in 
numerical  terns  of  a  first  strike.  The  sire  of  the  missiles  and  the  damage 
done  to  the  launcher  during  firing  generally  preclude  the  rapid  reloading 
of  modern  systems.  Even  a  "cold  launch"  system,  wherein  the  missile  is 
ejected  from  the  silo  prior  to  booster  ignition  (as  is  attributed  by  some 
analysts  to  the  Soviet  SS-17s  and  SS-ISs) ,  requires  an  appreciable  amount 
of  time  to  reload.  Submarines  would  have  tt-  return  to  port  or  at  least 
rendezvous  with  a  tender  in  a  protected  anchorage  in  order  to  reload. 

(U)  Bombers,  on  the  other  hand,  can  and  often  do,  carry  more  than  a 
single  nuclear  weapon.  In  fact,  they  often  carry  a  t  .x  of  weapons  for  a 
single  mission.  For  example,  in  one  operational  con: .  guration  the  B-52G/H 
can  carry  4  gravity  bombs  and  20  Short  Range  Attack  K l stiles  (SRAMs) . 

a.  (U)  Intercontinental  Ballistic  Missiles.  Early  improvements 
in  nuclear  weapon  technology  led  to  the  development  of  lighter  and  smaller 
nuclear  devices.  By  coupling  these  improvements  with  ballistic  missile 
technology,  both  the  United  States  ana  the  Soviet  Unio.!  were  able  to  deploy 
ballistic  missiles  as  a  means  of  delivering  nuclear  weapons.  Both  nations 
have  had  several  different  missile  systems  in  their  inventories  over  the 
years.  While  there  are  Medium  Range  Ballistic  Missiles  (HRKis)  and  Inter- 
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mediate  Range  Ballistic  Missiles  (IRBMs)  in  the  Soviet  inventory,  these 
weapons  systems  have  not  been  included  in  this  force  comparison  since  they 
arc  designed,  intended,  and  deployed  for  tactical  or  theater  use.  The 
United  States  at  present  has  no  IRBMs  or  MRBMs. 

History's  first  1CBM  launch  is  believed  to  have  occurred  on  August 
3,  19S7,  when  the  Soviets  launched  an  SS-6  ICBM  which  traveled  several  thou¬ 
sand  miles  before  impacting  in  Soviet  Siberia.  The  Soviet  news  agency  Tass 
announced  that  a  ”sup;i-long  distance,  intercontinental  multi-stage  ballistic 
rocket  flew  at  an... unprecedented  altitude.. .and  landed  in  the  target  area." 
The  first  US  ICBMs,  assigned  to  the  US  Air  Force,  became  operational  almost 
two  years  later,  in  1959.  The  six  initial  US  ATLAS-D  missiles  were  the  fore¬ 
runners  of  today's  US  ICBM  force  of  54  TITAN  II,  450  MINUTEMAN  II,  and  550 
MINUTEMAN  III  missiles. 


b.  Submarine-Launched  Ballistic  Missiles.  During  the  1950s, 

both  the  US  and  USSR  began  major  efforts  to  provide  their  navies  with  an  SLBM 
capability.  The  first  experimental  launch  of  a  ballistic  missile  from  a 
submarine  was  a  Soviet  launch  which  occurred  in  September  1955.  This  pre¬ 
ceded  the  first  submarine  launchings  of  US  POLARIS  SLBM  test  missiles  by 
almost  4-1/2  years.  (U) 

(UJ  The  first  Soviet  submarines  equipped  to  carry  SLBMs  were  conven¬ 
tionally  powered  (diesel)  types  which  were  converted  to  missile  launching  plat¬ 
forms  during  tl.e  perioe  1955-57.  They  were  equipped  with  two  tubes  for  the  sur¬ 
face  launch  of  the  SSH- •  SARK  missile,  which  was  a  nuclear-capable  weapon 
with  a  range  of  about  3‘.0  nautical  miles.  Between  1958  and  1962,  the  Soviet 
Navy  added  23  GOLF  dies :  l  submarines  and  eight  HOTEL  nuclear  submarines  to 


SARK  missiles.  Subsequently,  the  eight  HOTEL  and  about  half  of  the  GOLFs 
were  modified  to  carry  t -c  longcr-rangc ,  underwater-launch  SSH-5  SERB 
missile. 


^Department  of  Defense  Dictionary  of  Hilitarv  and  Associated  Terms  defines 
ICBM  ranges  as  3,000  to  U,000  nautical  miles;  IRBM  ranges  as  1,500  to  3,0i 


ranges 

nautical  miles;  and  MRBM  ranges  as  600  to  1,500  nautical  miles. 


000 


4post-WorlU  War  II  Soviet  submarine  classes  are  assigned  letter  code  emig¬ 
rations  by  US-NATO  intelligence,  with  the  phonetic  nau*j  GOLF  and  HOTEL 
being  used  for  the  letter  "G*  and  "H"  designations,  respectively.  One 
GOLF-class  submarine  was  lost  at  sea  in  1967. 
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(U)  The  nuclear -propelled  USS  GEORGE  WASHINGTON,  the  first  OS- 
ballistic  missile  submarine  (SSBN) ,  went  to  sea  on  its  first  "deterrent  patrol" 
on  November  15,  1960.  The  GEORGE  WASHINGTON  carried  16  POLARIS  A-l  missiles 
which  were  designed  for  underwater  launches.  The  POLARIS  A-l  was  armed  with 
a  nuclear  warhead  and  had  a  range  of  1,200  nautical  miles.  Forty  additional 
16-tube,  nuclcar-propelled  submarines  were  completed  by  the  t'S  Navy  through 
1967.  Their  missiles  were  successively  updated  through  the  POLARIS  A-2, 

POLARIS  A-3,  and  POSEIDON  C-3  missiles.  Today,  10  older  submarines  have  the 
2,500  mile  A-3  missile  with  Multiple  Reentry  Vehicles  (MRV) ,  while  31  have 
been  refitted  with  Poseidon  missiles,  each  carrying  a  nominal  load  of  10 
Multiple  Independently  targeted  Reentry  Vehicles  (MIRVs) . 


c.  Manned  Bombers.  The  manned  bomber  became  the  first  nuclear 

delivery  vehicle  in  August  1945  when  the  B-29  SUPERFORTRESS  bombers  of  the  US 
Army  Air  Force  released  atomic  bombs  over  Nagasaki  and  Hiroshima,  Japan. 

From  thun  until  the  mid-1950s,  the  bomber  was  the  only  nuclear-capable 
weapon  system  available  to  either  nation.  In  1948,  with  the  introduction 
of  the  B-36  bomber,  the  US  Strategic  Air  Command  (SAC)  had  a  nuclear  de¬ 
livery  vehicle  which  could  reach  targets  in  the  Soviet  Union  from  US  bases 
without  refueling.  (U) 
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(U)  The  first  jet-propelled  B-47  STRATOJET  bombers  were  delivered 
to  SAC  in  1951.  The  B-47,  carrying  two  nuclear  weapons,  could  achieve  speeds 
up  to  600  m.p.h.,  but  lacked  the  range  to  reach  targets  in  the  Soviet  Union 
from  bases  in  the  United  states.  As  a  result,  large  numbers  of  KC-97  tanker 
aircraft  were  procured  to  provide  the  B-47s  with  in-flight  refueling,  and 
SAC  bases  were  established  in  Great  Britain,  Spain,  and  Morocco. 

(U)  The  Us  Navy  began  its  contribution  to  the  nation's  nuclear 
strike  capability  in  1951.  The  tew  AJ  SAVAGE  pis  ton -engine’’  aircraft  began 
periodic  flights  from  the  large  MIDWAY-class  aircraft  carriers  operating  in 
the  Mediterranean  Sea.  This  was  the  first  US  Navy  nuclear-capable,  carrier- 
based  aircraft.  Soon  thereafter  the  smaller  Essex -class  carriers  were  fitted 
to  handle  nuclear  weapons,  with  the  AJ  SAVAGE,  later,  A  SKYWARRIER  (jet) 
attack  aircraft  were  added  to  the  standard  carrier  air  groups.  With  the 
addition  to  the  US  fleet  of  the  POLARIS  submarine  the  attack  aircraft  car¬ 
riers  were  relieved  of  their  strategic  nuclear  strike  role  by  1962.  Aircraft 
carriers  still  have  a  nuclear  strike  capability,  but  they  are  not  assigned  a 
strategic  role.  No  naval  air  forces  have  been  included  in  any  of  the  strate¬ 
gic  measures  in  this  report. 

(U)  The  present  US  strategic  borner  force  is  composed  of  the 
large,  eight-jet  B-52  STRATOFORTRESS,  which  was  first  delivered  to  SAC  in  1955, 
and  the  smaller  FB-111  aircraft  first  delivered  in  1969.  The  B-»2  has  a  com¬ 
paratively  large  weapons  payload  which  is  carried  internally  anc  on  wing  pylons, 
and  the  aircraft  has  intercontinental  range.  A  force  of  JCC-135  : inker  aircraft 
is  maintained  to  provide  an  air-to-air  refueling  capability  and  :icreby  in¬ 
creases  the  range  of  the  bomber  force. 

(U)  Early  in  the  nuclear  arms  race  the  Soviets  appeared  to  be 
following  the  United  States  with  the  emphasis  on  strategic  bomber.;.  In  fact, 
their  strategic  bomber,  the  TU-4  BULL,  was  a  direct  copy  of  the  B-29.6  In  the 
mid-1950s,  Soviet  Long-Rangt  Aviation  (LRA)  began  receiving  the  TU  *16  BADGER, 
a  swept-wing  jet  bomber  comparable  in  size,  role,  and  performance  t-o  the  US 
B-47.  A  manifestation  of  the  Soviet  tendency  to  "build  big,"  the  6ADGER  has 
only  two  engines,  each  developing  an  estimated  18,180  pounds  of  thrust,  as 
compared  to  7,200  pounds  of  thrust  for  each  of  the  six  engines  in  the  B-47E. 


V. 


The  AJ  had  two  piston  engines  and  a  turbojet  booster. 

Slames  of  Soviet  aircraft  used  herein  (e.g.,  BULL)  are  of  NATO  origin. 
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(U)  The  world's  only  turbo-prop  strategic  bomber,  the  TU-95  BEAR, 
appeared  a  short  time  later,  in  1955.  Soviet  LRA  began  receiving  the  BEAR 
and  the  four- jet  MYA-4  BISON  bombers  in  1956. 


2.  (U)  General  Limitations  and  Uncertainties.  The  measures  in  this 

section  address  only  the  numbers  cf  strategic  nuclear  delivery  vehicles. 

They  disregard  individual  delivery  vehicle  and  weapon  characteristics. 
Operational  considerations  such  as  reliability,  alert  rate,  mission,  etc., 
axe  also  ignored,  .is  a  result,  such  comparisons,  although  valid,  provide 
a  very  limited  pict.re  of  the  strategic  balance. 

Current  and  past  numbers  of  delivery  vehicles  are  known  with  rea¬ 
sonable  accuracy,  itwever,  future  projections  are  intelligence  estimates 
which  are  based  upon  the  assumption  that  a  Strategic  Arms  Limitation  (SAL) 
agreement  will  be  re-ched.  Additionally,  there  is  disagreement  between  the 
United  States  and  Soviet  Unicn  concerning  exactly  what  should  be  counted  in 
force  levels.  For  example,  it  would  be  advantageous  to  the  United  States 
if  the  Soviet  BACXFXKi.  bomber  were  included  in  any  limitation  of  strategic 
nuclear  delivery  vehicles.  However,  the  Soviet  Union  has  taken  the  position 
that  this  is  a  medium  bember  intended  for  peripheral  missions. 

7 

(U)  The  Soviet  military  designation  for  this  aircraft  is  TU-20.  US  publi¬ 
cations  generally  identify  the  BEAR  as  the  TU-95,  which  is  the  Tupelov 
design  bureau  designation. 


3.  Measures  Considered  in  This  Section; 

Intercontinental  Ballistic  Missile  Launchers 
Ballistic  Missile  Submarines 
Submarine-Launched  Ballistic  Missile  Launchers 
Intercontinental  Ballistic  Missile  Launchers  and 
Submarine-launched  Missile  Launchers 
Intercontinental  Bombers 
Strategic  Nuclear  Delivery  Vehicles  (U) 
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(U)  Although  the  XCSK  is  the  actual  delivery  vehicle,  counting  launchers 
produces  a  more  comparable  measure.  It  is  recognized  that  a  nation  usually 
has  more  ICBMs  available  than  launchers;  however,  the  amount  of  time  required 
to  recondition  and/or  reload  a  launcher  is  sued)  that  by  counting  only  the 
launch  positions  a  valid  measure  of  first  strike  capability  is  derived. 
Additionally,  since  ICBMs  may  be  concealed  with  less  difficulty  than  silos 
or  launch  pads,  using  launching  positions  as  the  measure  provides  a  compar¬ 
able  set  of  data  fer  both  the  United  States  and  the  Soviet  Union. 
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limitations.  At  any  point  in  time  sene  I CBM  launchers  are  not 
operational  but  are  being  upgraded,  replaced,  etc.  In  addition,  those  I  CBM 
launching  positions  which  have  missiles  in  place  are  not  all  necessarily 
operationally  ready  as  the  missiles  and  their  launch  and  control  facilities 
require  periodic  maintenance  and  repairs.  As  a  result,  this  measure  tends 
to  overestimate  the  number  of  missiles  available  for  a  first  launch  (U) 


:  )  By  counting  only  those  missiles  with  an  intercontinental  range,  the 
measure  does  not  include  two  other  categories  of  land-based  missile  systems. 
These  are:  Intermediate  Range  Ballistic  Missiles  (IKBMs)  and/or  mobile 
systems  which  by  advanced  basing  would  have  the  capability  of  reaching  an¬ 
other  nation's  homeland. 

(0)  Uncertainties.  There  is  little  uncertainty  associated  with  cur¬ 
rent  and  past  numbers  of  soviet  I CBM  launchers,  future  projections,  however, 
are  intelligence  estimates  which  are  based  upon  the  assumption  that  a  Stra¬ 
tegic  Arms  Limitation  (SAL)  agreement  will  be  achieved. 

(U)  Coimaent,  The  projections  for  future  years  are  intelligence  estim¬ 
ates  which  are  based  upon  an  assumption  that  a  SAL  agreement  will  be  reached 
between  the  United  States  and  Soviet  Union  which  places  a  limit  upon  number 
and  types  of  weapons  each  nation  could  deploy.  This  tittayt  ion  concurs  with 
the  informal  agreement  reached  at  Vladivostok  in  November  1974.  The  pro¬ 
jections  indicate  that  the  Soviet  Union  will  deploy  newer  land-based 
systems  at  a  slower  rate  than  that  at  which  older  1CBM  systems  are  decern- 


BALLISTIC  MISSILE  SUBMARINES  (U) 

What  it  Measures.  This  acasttre  is  a  count  of  the  nater  of  bal¬ 
listic  missile  fulmar ines ,  regardless  of  status.  (U) 

(U)  During  the  early  years  (I960  to  1967)  the  Soviet  ballistic  missile 
submarine  force  «es  primarily  composed  of  diesel-powered  GO  IE-class  sub¬ 
marines  tSSBs)  .  From  1967  to  1977,  these  SSSs  became  less  important  as  the 
TARKEE-class  and  DELTA-class  nuclear-powered  ballistic  missile  submarines 
(SSBNs)  were  deployed. 

(0)  in  Figure  11-2,  the  solid  line  includes  only  the  SSBNs,  while  the 
dashed  line  includes  borh  SSBRs  and  SSBs. 


to)  limitations.  This  measure,  by  simply  totaling  SSK.'s  and  SSfis 


t 


treats  all  such  submarines  the  same  and  thereby  disregards  the  individual 
submarine  capabilities.  The  older,  less  capable  diesel  submarine  is  counted 
the  same  as  the  newer,  more  capable  nuclear  submarine.  Factors  such  as  num¬ 
bers  of  launching  tubes,  nissile  characteristics,  etc.,  are  also  not  consid¬ 
ered  by  this  measure. 

The  vulnerability  of  a  ballistic  missile  submarine  to  detection  and 
attack  is  in  part  related  to  missile  range.  In  this  regard  the  operating 
area  available  to  a  submarine  when  on  station  is  a  function  of  missile  range. 
The  larger  this  area  the  less  vulnerable  the  submarine  is  to  Anti-suimarxne 
Warfare  (A SW)  action.  This  vulnerability  is  not  considered  in  this  measure 
nor  are  such  other  factors  as  submarine  acoustic  signature,  speed,  ope*  V- ' i j 
depth,  etc. 

(0)  Uncertainties.  Current  and  pas'-  numbers  of  Soviet  ballistic  missile 
submarines  are  well  known.  There  is  rum  uncertainty  about  future  estimates 
which  are  based  upon  the  assumption  of  a  SAL  agreement.  These  future  numbers 
could  vary  depending  upon  Soviet  options  and  decisions  to  place  more  or  less 
reliance  on  SLBMs. 


(U)  a  Sal  agreement  could  change  either  the  rate  at  which  new  sub¬ 
marines  are  deployed  or  the  rate  at  which  older  submarines  are  decommissioned 
or  both. 
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SLBH  LAUNCHERS  (U) 

What  It  Measures.  This  measure  is  a  count  of  submarine -Launched 
Ballistic  Missile  (SLBM)  launchers.  The  total  number  of  SLBM  launchers  is 
determined  by  counting  ballistic  missile  submarines  by  type,  multiplying  by 
the  n<imber  of  SLBM  launching  tubes  in  each  type,  and  totaling  across  the 
force.  In  1968,  for  example,  the  US  had  41  POLARIS  submarines  with  16 
launching  tubes  each.  Therefore,  in  1968  the  US  had  656  SLBM  launchers  (U) 
(U)  For  the  early  years  (1960  to  1977)  the  measure  includes  the  C 
launchers  in  Soviet  diesel-powered  GOLF  class  submarines  (SSBs) .  After  1978, 
only  the  Soviet  nuclear-powored  ballistic  missile  submarines  (SSBMs)  and 
their  launchers  arc  included.  This  agrees  with  an  assumption  that  a  future 
SAL  agreement  will  not  include  the  GOLF  class  SSBs  in  the  Soviet  total  of 
strategic  nuclear  delivery  vehicles. 
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(U)  The  1972  interim  SAL  agreement  permitted  the  US  to  increase  to  a 
ceiling  of  710  SLBM  launchers  and  44  submarines  from  the  present  656  launchers 
on  41  submarines  only  by  replacing  54  older  1CBM  launchers.  For  this  report 
it  was  assumed  that  the  US  SLBM  launchers  would  remain  at  approximately  656 
and  therefore  TRIDENT  sulmarines  would  replace  the  older  POLARIS  submarines 
on  a  tube-for-tube  oasis.  This  would  require  decommissioning  three  16-tube 
POLARIS  submarines  for  every  two  24-tube  TRIDENT  submarines  added  to  the 
force . 

(U)  Limitations.  Counting  the  number  of  launching  tubes  in  ballistic 
missile  submarines  does  not  take  into  consideration  individual  system  effec¬ 
tiveness.  For  example,  with  this  measure  a  launching  tube  in  a  Soviet  DELTA- 
class  SSBN  and  a  launching  tube  in  a  ".oviet  GOLF-class  SSB  are  considered 
equal.  This  has  the  result  of  treating  a  longer-range  SSN-8  SLEM  the  same 
as  a  much  shorter-range  SSN-4  or  SSN-5  missile.  Factors  such  as  pre-launch 
survivability,  hardness  to  nuclear  effects,  alert  rate,  MIRV  capability,  re¬ 
liability,  yield,  accuracy,  etc.,  are  also  not  considered. 

This  measure  does  not  consider  the  type  of  submarine  which  has  the  SLBM 
tubes.  For  example,  each  tube  in  a  nuclear-powered  submarine  is  treated  in 
the  same  manner  as  one  in  a  conventionally-powered  submarine. 

This  measure  does  not  consider  submarine  deployments.  It  disregards  the 
number  of  submarines  on  station,  in  transit,  undergoing  overhaul,  etc., 
counting  only  the  total  number  of  submarines,  regardless  of  status. 

(U)  Uncertainties.  The  number  of  Soviet  SLBM  platforms  in  the  inven¬ 
tory  for  current  and  past  years  is  known  with  reasonable  accuracy.  There  is 
seme  uncertainty  about  future  estimates  which  are  based  upon  the  assumption 
of  a  SAL  agreement.  These  future  numbers  could  vary  depending  upon  options 
allowed  in  the  agreement  and  either  US  or  Soviet  decisions  to  place  more  or 
less  reliance  on  SLBMs. 


(U)  A  SAL  agreement  could  change  either  the  rate  at  which  new  submarines 
are  deployed  or  the  rate  at  which  older  submarines  are  decommissioned  or  both. 
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ICBM  .MID  SIAM  LAUNCHERS  (U) 


What  it  Measures.  This  measure  is  •  summation  of  two  previous 
measures.  Intercontinental  Ballistic  Lau  ■'  nd  Submarine-Launched  Bal¬ 
listic  Missile  Laun<hers.  As  such,  it  i.  .  indication  of  the  total  number 
of  strategic  ballistic  missiles  available  to  each  nation,  (u) 


(U)  Limitations .  Thin  measure,  being  the  summation  of  two  other 
measures,  (i.e.,  Intercontinental  Ballistic  Missile  Launchers  and  Submarine- 
Launched  Ballistic  Missile  Launchers) ,  incorporates  ail  of  the  limitations 
of  those  two  measures. 

The  measure,  by  treating  both  ICBMs  and  SLBKs  in  the  same  manner,  has 
the  additional  limitation  of  treating  the  inherently  shorter-range ,  less 


accurate,  lower  yield,  SLSM  missiles  as  the  equal  of  the  longer -range,  more 
accurate  icbms. 

(U)  Uncertainties.  This  measure,  being  the  susnation  of  two  other 
measures  (i.e.,  intercontinental  Ballistic  Missile  Launchers  and  Submarine - 
Launched  Ballistic  Missile  Launchers) ,  incorporates  all  of  the  uncertainties 
of  those  two  measures. 

(U)  Comment .  This  measure  is  considered  by  many  analysts  as  an  in¬ 
dication  of  first  strike  capability. 
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intercontinental  bombers  (u) 

What  it  Measures,  The  number  of  intercontinental  bcnbers  is  totaled. 

At  the  1974  Vladivostok  s unnit,  it  was  agreed  that  “heavy  boaters-  would  be 
included  an  the  aggregate  ceiling  of  strategic  nuclear  delivery  vehicles. 
However,  the  definition  of  “heavy  boaters"  was  not  specified  in  the  accord. 

xs  the  Soviet  contention  that  the  BACKFIRE  is  a  medium  boater  intended 
or  peripheral/theater  missions  and  should  therefore  be  excluded.  OS  Depart- 
~nt  of  Defense  technical  assessments  of  the  backfire  performance  indicate 
that  this  aircraft  has  .the  capability  of  intercontinental  missions  against 

the  United  States.  For  that  reason,  the  measure  includes  two  trend  lines 
after  1974.  (0) 

The  only  US  bomber  included  in  both  trend  lines  is  the  *-52.  The  solid 
xne  for  the  Soviet  bomber  force  includes  only  the  TU-95  BEAR  and  the  mya-4 
BISON  fro,  1960  to  1976  at  which  time  the  BISON  is  phased  out.  commencing 

'  thC  SOlld  line  includes  thc  •»*  And  a  projected  new  long  range 
bomber.  The  dashed  line  adds  the  BACKFIRE  bomber  to  the  Soviet  force. 
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(U)  Limitations.  This  measure,  by  counting  the  number  of  intercontin¬ 
ental  bombers,  disregards  the  number  of  aircraft  actually  available  to  fly 
missions.  That  is,  the  number  of  aircraft  which  are  operationally  ready  and 
which  might  survive  any  prelaunch  strike. 

This  measure  does  not  include  bomber  force  characteristics  such  as  range, 
weapon  mixture,  payload  capability,  penetration  capability,  delivery  accur¬ 
acy,  etc. 

Shorter  range  bombers  such  as  the  US  FB-111,  which  are  capable  of  inter¬ 
continental  missions  with  in-flight  refueling,  are  not  counted  in  this  measure. 

US  fighter-bombers  which  are  stationed  in  Europe,  which  have  the  capa¬ 
bility  of  striking  western  portions  of  the  Soviet  homeland,  are  not  included 
in  this  measure.  In  a  similar  manner,  US  Kavy  carrier-based  aircraft  have 
not  been  included  in  this  measure. 

The  Soviets  also  have  approximately  4S  BISON  aircraft  that  have  been 
converted  from  bombers  to  tankers  and  approximately  65  BEAR  aircraft  con¬ 
figured  as  reconnaissance  and  ASM  aircraft.  The  Soviets  could  choose  to  con¬ 
vert  these  bomber  variant  aircraft  into  bombers.  These  aircraft  have  not 
been  included  in  this  measure. 

<l!)  Uncertainties.  There  is  some  uncertainty  associated  with  the  number 
or  current  and  past  numbers  of  Soviet  intercontinental  bombers.  Additionally, 
as  noted  in  the  description  of  the  measure,  there  is  no  coeraon  agreement 
in  regard  to  the  definition  of  an  intercontinental  bomber.  There  is  appre¬ 
ciable  uncertainty  i<  lative  to  future  estimates  of  Soviet  strategic  bombers 
because  of  the  disaat cement  in  the  definition  of  “heavy  bombers*  and  the 
BACKFIRE  production  Mte. 

(U)  Comment.  USSR  bomber  levels  decrease  from  1960  to  1901  as  a  result 
of  increased  emphasis  on  ballistic  missiles  (both  ICBMs  and  SLBMs)  with  no 
replacement  for  attrition  in  the  bocoer  forces.  The  US  increases  from  1960 
to  196S  reflect  the  production  and  deployment  of  the  B-52  and  its  various 
versions.  From  196S  to  1977  US  bomber  levels  decrease  as  a  result  of 
attrition  with  no  replacement. 


STRATEGIC  NUCLEAR  DELIVERY  VEHICLES  iUJ 


What  it  Measures.  The  number  of  ICBM  launchers,  SL3M  launchers,  and 
intercontinental  bombers  in  the  inventory  is  totaled.  For  example,  a  MINUTE- 
MAN  III  ICBM  with  3  independently  targetablc  warheads,  a  POSEIDON  SL8M  with 
10  independently  tarcjetable  warheads,  and  a  B-52  with  20  SRAM  are  each  counted 
as  one  by  this  measure.  As  another  example,  a  B-52  with  4  bombs  is  also 
counted  as  one  by  this  measure. 


(U)  Limitations.  This  measure,  being  the  si— nation  of  three  previous 
measures  U.e.,  Intercontinental  Ballistic  Miss.  Launchers,  Inventory; 
Submarine-Launched  Ballistic  Missile  La'  nchers.  Inventory;  and  Intercontin¬ 
ental  Bonbers,  Inventory) ,  incorporates  all  of  the  limitations  of  those 
three  measures. 
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This  neasure,  by  treating  all  strategic  nuclear  delivery  vehicles  the 
same,  has  the  additional  limitation  of  considering  shorter  range  less  accur¬ 
ate  SLBKs  and  less  survivable  slower  bombers  the  sax  as  ICBMs. 

Cu)  Uncertainties .  This  measure,  being  the  suaiation  of  three  previous 
measures  (i.e.,  intercontinental  Ballistic  Missile  Launchers,  Submarine- 
Launched  Ballistic  Missile  Launchers,  and  Intercontinental  Bashers),  incor¬ 
porates  all  of  the  uncertainties  of  those  three  measures. 

CU)  Cement.  After  1976,  both  forces  are  assumed  to  stay  within  the 
2,400  total  delivery  vehicle  limitation  in  accordance  with  the  informal 
agreement  reached  at  Vladivostok  in  1974.  The  projections  indicate  the  USSR 
inventory  of  strategic  nuclear  delivery  vehicles  decreases  from  a  maximum  of 
2,490  in  1976  to  2,400  in  1978.  Froa  that  point  on,  it  remains  relatively 
constant. 
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B. 


INPEPENDPTrLI  TARCSTABLE  WARHEADS.  (U) 


1.  General.  This  section  addresses  the  number  of  independently 

targe  table  warheads  in  the  US  and  USSR  strategic  inventories.  (U) 

*.  lu)  Multiple  Warhead  Ballistic  Missiles.  Prior  to  1968  stra¬ 
tegic  missiles  had  a  single  warhead.  Therefore,  an  indication  of  a  nation's 
nuclear  missile  strike  capability  could  be  obtained  by  singly  counting 
Icbms  and  SLSMs.  The  United  States  deployed  the  first  multiple  warhead 
ballistic  missile  in  1964  iVs  the  POLARIS  A-3  submarine-launched  missile 
becaae  operational.  This  variant  of  the  POLARIS  nissile  has  a  range  of 
2,500  nautical  miles  and  carries  a  Multiple  Reentry  Vehicle  (HRV)  payload. 
After  launch,  this  missile's  Fayload  separates  into  three  separate  Reentry 
Vehicles  (si’s)  which  attack  a  single  target  in  a  fixed  pattern.  The  USS 
DANIEL  WEBSTER  was  the  first  POLARIS  submarine  armed  w.th  the  M=V  A-3  mis¬ 
siles.  After  1964,  most  of  the  US  Navy's  41  ballistic  -::■»>  ?  :.*xrariner 
were  reamed  with  this  multiple  warhead  nissile. 

The  next  logical  step  in  weapon  technology  ■  • -pnent  of 

the  capability  to  deliver  each  of  the  individual  warheads  ^.-Jonenner.uly, 
against  different  targets.  When  the  A-3  witr.  its-  three  "KVs  vent  to  sea, 
development  was  already  underway  on  Multiple  Independently  oargetablc  Reentry 
Vehicle  te?V)  warheads.  With  this  type  of  weapon  system,  the  missile 
carries  a  "bus"  which  contains  several  KVs.  After  booster  bum  out  and 
separation,  the  bus  continues  toward  enemy  territory,  dispensing  the  KVs  on 
a  preset  program.  Each  RV  can  be  aimed  at  a  separate  target  (i.e.,  ir.dt— 
jendentlv  targeted)  within  a  given  area  of  land  or  “footprint.”  Tht  .’s 

footprint  is  dependent  upon  a  number  of  factors,  including  missile  •  v 
characteristics  of  the  bus  dispensing  mechanism,  and  any  maneuver- 
nay  be  dor.o  by  the  bus.  Therefore,  the  footprint  is  limited  and  ..wu^al 
targets  must  be  within  the  footprint. 

The  first  US  operational  test  of  a  MIRV  system  occurred  in  1968 
with  the  US  MLTJTEMAN  III  ICBM.  This  MIRV  system,  with  three  RVs,  replaced 
550  of  the  earlier  MINUTEMW  J  and  II  single  warhead  missiles  in  the  SAC 
arsenal  between  1970  and  1575. 
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In  1970,  the  US  Navy  fired  the  first  submarine-launched  MIRVed 
missile,  the  POSEIDON  C-3.  This  weapon  can  deliver  up  to  14  RYs,  has  an 
approximate  range  of  2,500  nautical  miles  with  a  lesser  payload,  and  is  the 
successor  to  the  PC1APIS  missile.  Between  1970  and  mid-1977,  the  Navy 
converted  31  PC  LARIS  submarines  to  carry  the  MIRVed  POSEIDON  missiles.  (The 
ten  oldest  POLARIS  submarines  are  not  suitable  for  modification  and  still 
carry  the  A- 3  missile.)  Further  modification  of  the  POSE loon  carrying  SSBXs 
to  carry  the  new  MIRVed  trident  1  missiles  will  c mm: nee  in  1979. 

The  US  has  no  monopoly  on  technological  development  of  strategic 
weapons ,  and  in  I960  the  USSR  began  testing  the  SS-9  SCARP  with  a  MHV  war* 
head.  This  was  followed  in  the  mid-1970s  by  the  development  and  deployment 
of  MIRVed  warheads  on  the  SS-17,  ss-18,  and  SS-19  ICEMs. 

Subsequently,  the  Soviet  Navy's  YAliKEE-class  submarines  have  been 
credited  with  carrying  the  SSS-t  Mod  3  missile,  carrying  2  or  3  MKVs,  and  the 
DELTA- cl ass  submarines  can  fire  the  SSN-X-18  and  probably  later  SLBMs  with 
MB.'  payloads.  The  latter  missiles,  with  a  range  significantly  in  excess  of 
4,000  nautical  miles,  are  equivalent  or  superior  in  that  respect  to  the  UP 
Navy's  TRinn.T  1  SUM,  which  is  programed  for  deployment  in  19P0-19S1,  and 
the  proposed  TBIDEST  II  missile,  which  could  become  available  in  the  aid- 
198Cs,  at  the  earliest. 

b.  Bomber  Weapon  Loadings.  The  mix  of  weajK : j  wnich  are 

carried  on  a  strategic  bomber  is  dependent  upon  the  maxima*  i :  id  carrying 
capability  of  the  bomber  and  its  mission.  Both  us  and  USSR  s  *ategic  bombers 
ate  capable  of  carrying  various  types  and  quantities  of  gravi'-;  bombs  and 
Ai r- t o-Sur f ace  Missiles  (ASMs) .  As  a  result,  it  is  difficult  to  directly 
compare  the  number  of  bocber-deliverable  nuclear  weapons.  Howtver,  as  has 
been  done  in  this  section  of  the  report,  estimates  can  be  made  y  assuming 
maximum  weapon  loadings  in  bomb  bays  and  on  external  mountings.  Ju) 


2.  (U)  general  Li.-.ltalicns  And  '.‘neertainties.  The  measures  in  this 

section  disrr^ud  iadividsit  weapon  effectiveness  and  characteristics.  Op¬ 
erational  characteristics  such  as  reliability,  hardness  to  nuclear  effects, 
readiness,  etc.,  are  not  considered. 

tstinati.n  of  the  nusbers  and  types  of  missiles  and  bombers  with 
their  payloads  w • re  based  on  VS  perception  of  USS*  capabilities.  Past 
quantities  are  k.-  lwn  with  some  assurance,  but  future  nuabers  and  types  of 
delivery  vehicle-  and  therefore  nuabers  of  warheads,  are  uncertain. 


3.  Measures  Considered  in  This  Section; 


MIKYed  IC.iHs 
KIRVed  ST«-Hs 
.  HlKVed  ICi-’.ls  and  SLBXs 
Independent ly  Tarqctable 
Indepcnden : ly  Taroetable 
Independently  Tarqetable 
Independently  Targetable 
Independently  Tarqetable 


I CBM  Warheads 
SLUM  Warheads 
lOW  and  SLTJ*  Warheads 
Baebcr  Warheads 

I  CBM,  SLB«,  and  Bomber  Warheads  (t’> 
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(U)  System  and  warhead  characteristics  such  as  yield,  accuracy,  relia¬ 
bility,  etc.,  are  not  considered. 

(0)  Oncer taint ies .  There  is  sene  uncertainty  as  to  the  number  and  types 
of  current  Soviet  MIKVed  ICBMs.  Future  projections  are  estiaates  only  and 
are  based  upon  OS  perceptions  of  Soviet  capabilities  and  intentions.  These 
projections  are  a  best  estiaate  assuming  a  SAL  agreement  which  would  place 
a  licit  upon  the  mnber  of  ballistic  missiles  which  could  be  MIKVed. 

(0)  Consent.  HXKUTQtAH  ill,  the  only  US  ZCBM  with  a  MIRV  capability, 
reached  its  nan  if '  planned  deployment  of  550  missiles  in  1976.  However, 
the  nuaber  of  MIKVed  soviet  ICBMs  has  continued  to  increase  since  their 
first  deployment  in  1975. 

To  date,  SAL  talks  and  agreements  have  addressed  nuaber s  and  types  of 
ballistic  missile  launchers  and  the  number  of  ballistic  missiles  which  could 
be  MIKVed.  While  the  total  number  of  warheads  may  have  been  discussed,  there 
has  been  no  indication  of  any  limit  on  the  number  of  warheads  delivered  by 
MIKVed  vehicles. 
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(U)  Uncertainties.  There  is  some  unc.  rtainty  as  to  the  number  and  types 
of  current  and  past  soviet  KIKVed  SLBMs .  Future  projections  are  estimates 
only  and  are  based  upon  US  perceptions  of  Soviet  capabilities  and  intent. 
These  projections  ere  a  test  estimate  assuming  a  SAL  agreement  which  would 
limit  the  mnber  of  MIRVed  ballistic  missiles. 

(U)  Concent .  Between  1970  and  1976  the  US  replaced  the  POIAR1S  missile 
with  the  MIRVed  POSEIDON  missile  in  31  SSBKs.  The  remaining  10  US  SSBtts  were 
not  modified  to  accept  the  larger  POSEXDOM  missile  because  their  launching 
tubes  were  smaller  and  therefore  extensive  modification  to  both  the  submarine 
and  missile  tube  would  have  been  required.  The  US  plans  to  introduce  the 
TRISECT  C-4  missile  in  1960-81.  This  will  be  done  in  two  ways.  First,  by 
replacing  POSEIDON  missiles  with  the  04,  and  second,  by  the  addition  of 
TR1DLCT  submarines  (with  the  eventual  decommissioning  of  the  10  POLARIS  sub¬ 
marines).  The  USSR  inventory  of  MIRVed  SLBMs  will  also  probably  continue  to 
increase  due  to  retrofit,  modernization,  and  new  construction  programs. 
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MIRVed  ICBMs  AND  SLBHs  (U) 


Wliat  it  Measures.  The  number  of  MIRVed  ICBMs  and  SLBHs  is  totaled.  (U) 

(0)  Note:  The  US  started  to  MIRV  its  systems  in  1970  but  since 
the  USSR  did  not  deploy  MIRVed  systems  until  1975, 
the  measure  depicts  MIRVed  ICBMs  and  SLBMs  since  1974. 


(U)  Limitations  and  Uncertainties.  This  measure,  beim/  the  summation  of 
two  previous  measures,  is  subject  to  the  same  limitations  ar:>  uncertainties 
of  those  moasurcs  (MIRyed  ICBMs  and  MIRVed  SLBMs).  Additionally,  it  has  the 
further  limitation  of  treating  ICBMs  and  SLBMs  as  equals. 

(U)  Comment.  The  informal  agreement  reached  at  Vladivos-.oX  in  1974  set 


an  upper  limit  of  1,320  MIRVed  ICBMs  and  SLBMs.  Within  the  proposed  limitations 


either  side  may  elect  to  place  more  reliance  on  rBMs  than  in  the  past. 
Additionally,  with  no  limit  being  considered  on  the  number  of  RVs  per  MIRVed 
warhead,  the  total  number  of  warheads  may  change  drastically  in  the  future. 
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I 
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INDEPENDENTLY  TARGET A3 LE  I CBM  WARHEADS  (U) 

What  it  Measures.  The  number  of  independently  targetable  warheads 
associated  with  ICBM  boosters  is  totaled.  For  example,  an  IC&H  with  three 
Multiple  Independently  targetable  Reentry  Vehicles  (MIRVs)  is  counted  as  3 
in  this  measure,  whereas  an  ICBM  with  a  single  warhead  is  counted  as  1.  An 
ICBM  with  three  MRV  (separate  reentry  vehicles  which  are  delivered  in  a  fixed 
pattern  about  a  single  aim  point)  is  also  counted  as  1.  The  ICBM  force  level 
is  determined  by  counting  missile  launchers,  regardless  of  status.  In  a 
sense  then,  this  is  a  measure  cf  the  number  of  separate  aim  points  an  ICBM 
force  could  target  were  all  of  its  missiles  operational.  (U) 


(u)  The  total  number  of  Soviet  reentry  vehicle  warheads  is  based  upon 
our  perception  of  the  number  of  missile  launchers  and  assumptions  concerning 
the  number  of  MIRVed  vehicles  associated  with  these  launchers.  The  possi¬ 
bility  that  some  of  these  launchers  may  have  a  re fire  capability  has  not 
been  considered. 

(0)  A  portion  of  the  Soviet  missile  sites  are  undergoing  upgrade  or  con¬ 
version  at  any  time.  Hence,  our  estimate  of  what  independent  reentry  vehicle 
warheads  may  be  associated  with  these  sites  and  our  knowledge  of  the  number 
of  launching  sites  in  such  a  status  affects  the  total  number  of  RV  warheads 
which  arc  actually  available  at  any  time. 

(U)  Uncertainties.  The  current  and  past  numbers  of  Soviet  ICBM  launchers 
are  known  with  reasonable  accuracy.  There  is  a  degree  of  uncertainty  associ¬ 
ated  with  the  number  of  MIRVed  Soviet  XCBMs  and  number  of  warheads  per  MIRVed 
ICBM.  There  is  also  a  degree  of  uncertainty  associated  with  the  numbers  of 
future  Soviet  ICBM  launchers.  These  numbers  will  depend  ipon  any  SIC.  agree¬ 
ment  and  Soviet  options  and  decisions  to  exchange  XCBMs  l. r  SLBHs. 

i 

(U)  Comment.  In  1976,  with  the  completion  of  the  MI  l  JTEMAN  III  deploy¬ 
ment,  the  US  inventory  of  independently  targctable  ICBM  w.  'heads  reached  its  , 

current  level  of  2,1S4.  The  USSR  inventory,  on  the  other  iiand,  has  continued  I 

to  increase  as  older  un-MIRVed  systems  have  been  replaced  vith  newer  MIRVed 
systems.  I 
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INDEPENDENTLY  TARGETABLE  SLSM  WARHEADS  (U) 


(U)  The  number  and  type  of  SLBM  submarines  is  not  considered  by  the  measure. 

(U)  Uncertainties.  The  number  of  Soviet  SLBH  platforms  (and  hence  number 
of  boosters)  in  the  inventory  for  current  and  past  years  is  known  with  reason¬ 
able  accuracy.  However,  there  is  some  uncertainty  about  the  number  of  MIRVcd 
Soviet  SLBMs  which  affect  the  calculations  upon  which  the  totals  arc  based. 

The  estimate  of  future  numbers  of  Soviet  SLBMs  could  vary  depending  upon  any 
SAL  agreement  and  Soviet  options  for  decisions  to  replace  ICBMs  with  SLBMs. 

(U)  Comment .  Both  nations'  inventory  of  independently  targetable  SLBM 
warheads  has  continued  to  increase  throughout  the  tint  .eriod  addressed.  Ini¬ 
tially,  this  was  caused  by  the  increasing  number  of  ballistic  missile  submar¬ 
ines  deployed  by  each  natron,  and  later  by  replacement  of  un-MIRved  SLBMs  with 
MIRVcd  SUBMs. 


INDEPENDENTLY  TARCETABLE  ICBM  AND  SLBM  WARHEADS  (U) 


What  it  Measures.  The  number  of  independently  targetablc  reentry 
vehicles  associated  with  all  of  the  ICRMs  and  SLBMs  in  the  inventories  is 
totaled,  m  a  sense,  this  is  a  measure  of  the  total  number  of  separate  aim 
points  which  could  be  targeted  by  an  ICBM  and  SLBM  force  were  all  of  its  mis¬ 
sile  launeners  operational  and  all  SSBh's  on  station.  tU) 


(")  Lit-.itat  ions  ar.d  t'nc«  i taint  ic~.  Thin  measure,  being  the  aursnalicn  of 
two  previous  treasures  { i Independently  Targctable  ICBM  Warheads  and  In- 
drj<-rdently  Targc-tablo  Sl.HK  Warheads),  incorporates  ail  of  tne  limitations 
and  u. '  rtait.ties  of  those  two  measures. 

Tie  ocasure,  by  treating  all  warheads  t)e  same,  Us  the  additional  limi¬ 
tation  of  treating  the  shorter  range,  less  accurate,  SLBM  as  the  equal  of  the 
intercontinental  range,  core  accurate  1CB.M. 
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INt'Li'ENDEfJTLY  TARCETABLE  BOMBER  WARHEADS  IU) 


What,  it  Measures.  The  nunbcr  of  independently  targetablc  strategic 
bomber  weapons  (berths  ar.d  ASXs)  is  totaled.  strategic  bomber  inventories  and 
maximum  bomber  loading  consistent  with  both  aircraft  characteristics  and  weapon 
availability  (where  known)  have  been  used.  In  a  sense,  this  is  a  measure  of 
the  total  number  of  separate  aim  joints  which  could  be  targeted  by  a  bomber 
force  were  all  of  its  bombers  ojorational  and  loaded  to  the  maximum  consis¬ 
tent  with  weapons  available.  (10 


(U)  Limitations.  This  measure,  being  an  extension  of  a  previous  measure 
(i.e..  Intercontinental  Bombers)  incorporates  all  of  the  limitations  of  that 


Ojerational  bomber  loadings  are  dictated  by  mission  assignment  and  may 
vary  greatly  from  maximum  possible  loading. 

This  measure  has  the  additional  limitation  of  treating  gravity  bombs  the 
same  as  ASHs.  It  ignores  weapon  yield,  delivery  accuracy,  and,  in  the  case 
of  ASMs,  weapon  range. 

The  total  mmber  of  bombs  and  ASMs  available  at  any  given  time  may  be 
greater  or  less  than  the  entire  bomber  force's  capacity. 

(ll)  Uncertainties.  This  measure,  being  an  extension  of  a  previous  measure 
i Intercontinental  Bombers),  incorporates  all  of  the  uncertainties  of  that 
measure.  There  is  appreciable  uncertainty  relative  to  numbers  of  Soviet 
bombs  and  ASMs  available. 

CU)  Comment .  The  number  of  bomber  weapons  available  to  a  force  is  much 
harder  to  determine  than  the*  number  of  ballistic  missiles.  Muclear  weaj-on 
storage  sites  may  or  may  not  Lc  collocated  with  the  normal  bomber  bases  or 
at  disj'Ctsal  airfields.  Weapon  storage  and  availability  nay  be  directly  re* 
lated  to  the  aircraft  mission  and  have  little  relation  to  the  maximum  load 
capability  of  the  bomber.  On  the  other  hand,  bomber  missions  may  be  planned 
to  try  to  take  advantage  of  naxinra  bomber  loading.  Therefore,  comparisons 
of  benber  weapons  must  address  maximuns,  realizing  these  comparisons  are 
upj cr  limits  and  therefore  probably  overstated. 

Tlie  US  bcmbci  force,  and  therefore  independently  targetable  bomber 
weapons,  increase  1  until  1165,  after  which  time  there  was  •  decrease  in  the 
number  of  bombers  until  the  late  1970s.  Although  the  number  of  VS  bombers 
remains  constant  a. ter  1977,  introduction  of  the  ALCH  in  I960  will  dramatic* 
ally  increase  the  .'umber  of  warheads. 
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INDEPENDENTLY  TARGETABLE  ICEH,  SEEM,  AND  BOMBER  WARHEADS  (U) 


What  it  Measures.  The  nuaber  of  independently  targetable  reentry 
vehicles  associated  with  ICBHs  and  SLBHs  plus  bomber-delivered  boobs  and  ASMS 
is  totaled.  In  a  sense,  this  measure  totals  the  number  of  separate  aim  points 
which  could  be  targeted  by  an  offensive  strategic  force  were  all  of  its  mis¬ 
siles  and  bombers  operational.  (U) 


CVJ  Limitations  and  Uncertainties.  This  measure,  being  she  simulation  of 
three  previous  measures  ti.e..  Independently  Targctabie  1CBM  -at heads;  in¬ 
dependently  Targetable  SIM  MarLcadst  and  Independently  Targe'  able  *■>», 
Weapons),  incorporates  ell  of  the  limitations  and  uncertainties  of 
measures. 


those  three 


This  Erasure  has  the  additional  limitation  of  treating  ICBMs ,  ST-DHs, 
bombs,  and  ASMs  as  equals  regardless  of  range,  accuracy,  or  yield. 

Cement .  a  comparison  of  the  total  number  of  independently  target- 
able  warheads  in  each  inventory  without  due  consideration  of  all  the  various 
system  characteristics  can  be  misleading.  Equating  ICES  RVs,  SUM  KVs,  and 
bombs  ignores  too  many  variables,  (u) 

iU)  Two  figures  are  provided  below  to  illustrate  the  total  number  and 
types  of  independently  targe table  ICBH,  SLEM,  and  Bomber  warheads  through 
the  period  covered  by  this  report.  Figure  11-16  illustrates  the  US  strate¬ 
gic  independently  targctable  warhead  force  composition,  and  Figure  11-1?  il¬ 
lustrates  the  Soviet  force  composition. 
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C.  THROW- WEIGHT  .  (0) 

1.  (0)  General.  This  section  addresses  the  throw-weight  of  tho  US  and 
USSR  ICBM  inventories.  Throw-weight  includes  the  weight  of  the  warhead(s) , 
any  penetration  aids,  dispensing  mechanisms,  bus,  fuel  usei  for  maneuvering, 
etc.  It  reflects  the  weight-throwing  capacity  of  a  ballistic  missile  and 
is.  therefore,  a  measure  of  the  weight  of  the  part  of  the  missile  above  the 
last  boost  stage. 

Since  throw-weight  is  generally  related  to  missile  sire,  a  compari¬ 
son  of  SLKHs  which  are  limited  by  submarine  size,  has  not  been  included. 

2.  (U)  Limitations  and  Uncertainties.  The  correlation  between  warhead 
weight  and  throw-weight  or  payload  varies  with  individual  weapon  types  and 
configurations.  Addressing  throw-weight  by  itself  ignores  other  indicators 
of  weapon  effectiveness  such  as  warhead  yield,  accuracy ,  etc.,  in  addition 
to  the  operational  constraints  of  individual  weapon  types.  For  a  discussion 
of  missile  yield  to  weight  relationships  see  Appendix  A. 

Throw-weight  can  be  used  as  a  measure  of  the  potential  for  increasing 
the  number  of  warhead-.  As  a  counter force  indicator,  throw-weight  relates 
very  roughly  to  weapon  yield  but  not  to  delivery  accuracy  which  is  mere  im¬ 
portant  witen  considering  counterforce  capabilities.  Throw-weight's  rough 
relation  to  yield  is  an  overall  indicator  of  countervalue  potential.  How¬ 
ever,  in  today's  world  of  MSVs  and  r.IKVs,  throw-weight's  relation  to  yield 
and  equivalent  segatonnage  (and  therefore  to  fallout  and  blast)  is  dimicish- 
ing.  As  a  result,  the  relation  of  throw-weight  to  urban-industrial  damage 
potential  is  increasingly  invalid. 

There  is  uncertainty  as  to  the  payload  or  throw-weight  of  soviet 
systems,  and  figures  are  based  on  US  perceptions.  Furthermore,  the  future 
"umber*  and  types  of  delivery  vehicles  are  dependent  upon  SAL  agreements 
and  options  contained  within  thee. 

3.  Measure  Ccnsidrred  in  This  Sections 

I CBN  Throw- Weight  (U» 
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The  calculations  ptewntisl  in  this  measure  arc  based  upon  the  premise 
that  all  weapons  arc  reliable.  This,  of  course,  is  not  the  case.  Addition¬ 
ally,  at  almost  any  time  some  proportion  of  a  nation's  I  CBM  force  is  not 
operational.  For  instance,  an  1CBM  My  bo  off  line  for  such  reasons  as  test¬ 
ing  maintenance,  upgrade,  or  conversion.  Hence,  the  measure  tends  to  over¬ 
state  'he  total  UinM-vciqhl  of  Loth  nations. 

VJJ  The  measure  does  not  include  other  factors  of  1CBM  system  and  missile 
effectiveness.  For  example,  weapon  yield,  accuracy,  silo  hardness,  reaction 
tine,  etc.,  are  disregarded. 

(b)  Tie  measure  docs  not  include  a  com; orison  of  the  relationships  be¬ 
tween  throw-weight,  range,  and  ftayload. 

(I*)  Vteccrtaint  ie*.  The  calculations  are  based  in  part  upon  our  perception 
of  the  throMmjqhi  associated  with  Soviet  ICBMs.  TJje  mnier  of  past  and 
current  Soviet  1CBH  systims  is  Known  with  reasonable  accuracy.  Future  es¬ 
timates  of  Soviet  ICltfis  are  lows  certain.  These  estimates  arc  based  u;en  the 
assumption  of  a  SAL  ajrifSvnl  l<ul  will  -h-jT-nd  ujo«.  Soviet  options  and  de¬ 
cisions  relative  to  the  loot  fence.  Tln'H'  is  a  significant  degree  of  un¬ 
certainty  associ  ited  with  our  ji rviptiw,  of  the  throw-weight  capability  of 
these  systems. 

151  Coenent .  The  Protocol  to  the  May  2«*.  1972  Interim  Agreement  on 
strategic  am s  1  .Utatichs  states  that  ther-  shall  be  no  conversion  of  *1  tgh*  “ 
IC»M*  to  "heavy"  ChMs,  although  there  were  no  agreed  upon  definitions  of 
•light"  or  "heavy*.  The  TITAN  II  it  considered  to  be  the  only  "heavy*  t:S 
ICWt,  ulmrcas  the  SS-7.  SS-d,  S3-9,  SS-lB,  and  SS-19  Soviet  IChMr  arc  ail 
considered  "hraviia".  Future  sal  agreements  may  also  address  throw-weight 
limitations.  To  b'  specific.  however,  both  sides  must  agree  upon  a  sat  of 
definitions  which  rnll  be  used  to  determine  compliance  with  the  agreement . 
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SLBM  MAXIMUM  RANGE.  (U) 


1.  (0)  General .  The  maximum  range  of  SLUMS  »n  one  force  is  compared 
to  the  suisaa  range  of  SLBKs  In  the  other  force. 

This  cosparison  provides  an  indication  of  both  potential  target 
coverage  and  sire  of  submarine  operation  area.  The  longer  the  range  of  the 
SUMS  the  eider  the  choice  of  targets  free  a  given  operating  area,  or  con¬ 
versely,  for  the  sane  target  set  the  potential  operating  area  increases. 

The  total  ocean  area  is  about  ten  tinea  the  combined  land  area  of 
the  United  States  and  the  Soviet  Union.  If  the  tango  of  SLBKs  in  either 
nation’s  arsenal  permits  the  use  of  only  ten  j»rcent  of  the  total  ocean  area 
as  ballistic  missile  subaarine  operating  area,  the  Ant  1-Sutsaarine  Warfare 
(ASM)  rro»*Jvrj  is  icsc-sse.  On  the  average,  if  all  submarines  were  on  station, 
each  subaarine  would  have  over  ISO, 000  sguate  at  let  of  ocean  in  which  to 
operate. 

Since  ICBMs  arc  ocfinrd  as  having  ranges  of  3,000  to  8,009  nautical 
ailes  and  can  reach  targets  in  the  other  nation’s  homeland,  a  comparison  of 
the  raneo  capability  of  these  system*  is  Meaningless. 

2.  (I’l  General  Limitations  and  i-nt ert aintie*.  All  other  Measures  of 
SLBK  effectivcr.es*  are  disregarded  including  any  operational  constraints  on 
an  SUm  force.  Further,  the  Measure  only  relief.*  the  maximum  range  of  any 
SLUM  in  the  force,  it  does  not  provide  any  indication  of  the  number  of 
SLBKs  with  that  range. 

There  is  seme  uncertainty  as  to  the  actual  ranges  of  Soviet  SLBX 

systems. 

J.  Measure  Considered  In  This  Sectjont 

SLBK  Maximum  Range  <UJ 
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SLBM  MAXIMUM  RANGE  (U) 

,../*.  .Measures.  The  maximum  range  of  one  nation's  SLBMs  is  plotted 
againot  the  aaxiwua  range  ot  the  other  nation's  StEKs.  For  example,  in  1973 
the  Soviet  union  introduced  the  4,200+  nautical  mile  SSN-3  SLBM.  At  that 
tine  the  POSEIDON  C-3  nissile,  with  a  nooinal  range  of  2,500  nautical  miles, 
was  the  longest  range  Us  SLBM.  (U) 


*>*  •» 


(U)  The  rtoa iure  disregards  other  measures  of  SLBM  force  effectiveness  such 
as  alert  rate,  accuracy,  yield,  etc. 

(1!)  Uncertainties.  There  is  sorao  uncertainty  associated  with  the  year  of 
introduction  of  Soviet  SLBM  systems.  There  is  a  greater  degree  of  uncertainty 
as  to  the  maximum  range  of  Soviet  SLB.M  systems.  For  future  years,  our  per¬ 
ception  of  both  US  and  Soviet  SLBM  technological  improvements  introduces 
additional  uncertainties. 

(U)  Comment .  In  general,  major  improvements  in  the  area  of  SLBM  range 
are  presently  limited  by  submarine  sire  and  missile-propellent  technology. 
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E.  GROSS  YIELD.  <U) 

1.  (U)  General.  This  section  compares  the  total  nuclear  yield  of  the 
strategic  nuclear  forces. 

Yield  of  nuclear  weapons  Is  a  measure  of  the  explosive  energy  that 
car.  be  released  by  the  weapon,  it  Is  cocoon  practice  to  state  this  in  terns 
of  the  equivalent  quantity  of  TNT  required  to  produce  the  sane  explosive 
force.  Thus,  a  yield  of  one  kiloton  (KT)  is  equivalent  to  1,000  ton*  of  TNT. 
One  megaton  (KT)  is  equivalent  to  1,000,000  tons  of  TNT  or  1,000  KT.  The 
nuclear  weapons  exploded  over  Nagasaki  and  Hiroshina  in  194S  had  yields  of 
approximately  20  KT.  Most  early  strategic  nissiles  had  yields  Matured  in 
the  regaton  range.  Technological  improvements  increased  the  delivery  accur¬ 
acy  while  MKV  and  MIRV  systems  decreased  the  available  weight  for  individual 
warheads  using  the  sane  boosters.  In  other  words,  these  two  facts  firat  per¬ 
mitted  and  then  required  fabrication  of  smaller  yield  weapons  so  that  today, 
the  individual  warhead  yield  of  many  strategic  systems  has  been  reduced  and 
is  measured  in  kilotons. 

The  gross  yield  of  the  strategic  bomber  forces  reflect  only  the  max¬ 
imum  total  yield  which  could  be  delivered  based  upon  aircraft  design  and 
weapon  availability.  Actual  aircraft  loading  is  mission  rattier  than  design 
oriented  and  is  in  part  dictated  by  the  amount  of  fuel  carried  by  the  Air¬ 
craft  and  the  distance  to  the  target.  In  addition,  each  bomber  can  normally 
carry  a  large  variety  of  boobs  and/or  ASMS. 

2.  (0)  General  Limitations  and  Uncertainties.  A  force  comparison  based 
upon  the  gross  yield  of  tho  weapons  fails  to  consider  other  measurox  of 
weapon  effectiveness  such  as  reliability,  readiness,  accuracy,  etc. 

Gross  yields  of  boober  forces  reflect  the  maximum  weapon  loads  th.*t 
coi  Id  be  delivered.  However,  any  aircraft  loading  is  mission  rather  than 
design  oriented,  and  any  comparison  of  gross  yield  based  upon  Aircraft  capa¬ 
bilities  can  be  misleading. 

Gross  yield  has  been  used  as  a  measure  of  urban-indust tial  damage 
potential.  As  a  measure  of  blast  potential,  the  measure  fails  to  account 
for  target  s'  nurture,  height  of  burst,  and  the  variation  in  blast  affects 
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with  individual  yields.  As  a  Ecar.ure  of  fallout  potential,  t::e  *easure  ig1 
nores  the  fission  fraction,  the  population  distribution,  shelter  types 
of  structures,  ar.d  wind  sj*ocd  and  dispe.si.'e  characteris"  ;  ■  f  '  •  '-"tv 
characteristics  greatly  inf 1  tie  nee  urban-i  .dustnal  djr «.-• 

Nur-ueir.  and  yields  cf  Soviet  •ia;or,r.  are  base-*-  ■”  -  larcej-tions 

und  estimates.  Future  numbers  are  dependent  u;  on  any  SAh  a.tr-.-e»i.:its  and 
options-  therein. 

J .  i-.-i.  ■  •’  •■std.red  it. 

i.'h.-1  .s:.  11.  el 

.r.'.s  Yield 

:  *  shan  ik,.!  ■  .•  »J 

e  >Gb«-r  dross  Yield 

ilui't,  ar.d  o.t-S  •  ,.:-.rr  Yield  l'./ 
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<U>  The  totai  value  (gross  yield)  of  Soviet  ICBMs  is  based  upon  our  per¬ 
ception  of  the  type  and  number  of  observed  I CBM  launching  sites.  As  a 
result,  the  possibility  that  soee  sites  nay  be  capable  of  launching  sore 
than  one  ICEM  is  not  considered  in  the  measure. 

(0)  Uncertainties.  While  there  is  little  uncertainty  associated  with 
current  and  past  numbers  o t  Soviet  IC&M  launchers,  there  is  a  greater  degree 
of  uncertainty  associated  with  the  type  and  yield  of  the  warheads  associated 
with  specific  IC&M  systems. 

Since  seme  of  the  Soviet  I CBM  systeas  are  deployed  in  different  con¬ 
figurations,  there  is  uncertainty  as  to  the  number  of  MXRVcd  ICBMs  as 
well  as  the  yield  and  number  of  warheads  on  these  missiles. 

future  estimates,  which  affect  t:-.e  totals,  are  based  upon  the  assumption 
of  a  SAL  agreement  which  would  place  .1  limitation  on  he  number  of  strategic 
nuclear  delivery  vehicles  as  well  as  KIP.Vod  launcher: . 

(U)  Concent.  Originally,  both  the  US  and  the  USS •  deployed  large  yield 
warheads  on  their  ICBMs.  With  the  introduction  of  MI  : '  capabilities  and 
improved  delivery  accuracy,  newer  systems  have  generally  had  smaller  yield 
warheads. 


93 


Page  94  was  Deleted 


(U)  The  total  value  (gross  yield)  of  Soviet  SLBKs  is  based  upon  our  per¬ 
ception  of  the  type  and  number  of  observed  submarines. 

IU)  Uncertainties.  While  there  is  little  uncertainty  associated  with 
current  and  past  numbers  of  Soviet  SLBH  launchers,  there  is  a  greater  degree 
of  urccrtainty  associated  with  the  type  and  yield  of  the  warheads  associated 
with  specific  SUM  systems.  Since  some  of  the  Soviet  SUM  systems  are  de¬ 
ployed  in  different  configurations,  there  is  uncertainty  as  to  the  number  of 
MIKVcd  SLBMs  as  well  as  the  yield  and  number  of  warheads  on  these  missiles. 


I CBM  AND  SLBH  CROSS  YIELD  (U) 


What  it  Measures.  This  ocasure  is  a  caoparison  of  the  total  yield 
of  all  the  I CBM  and  SLBM  warheads  in  the  force.  (U) 


(U)  Limitations  and  Uncertainties.  This  pleasure,  bciiyj  the  iWMtion 
of  two  previous  measures  (i.c.,  ICBK  cross  Yield  and  SLBM  Crcis  Yield),  in¬ 
corporates  all  of  the  1  ini  tat  ions  and  uncertainties  of  those  'wo  erasures. 

CD)  Cogsent .  The  cocoents  pertinent  to  the  two  previous  ' measures  (i.c., 
ICBH  Cross  Yield  and  SLBM  Cross  Yield),  apply  to  this  Measure. 

Due  to  the  numh.'-s  and  yielda  of  JCLMs  in  both  forces,  the  major  con¬ 
tribution  to  this  BcAsure  is  froo  the  XCBKs. 
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ICSK.  ZLSM,  A.*;a  1CMPER  YIELD  (U) 


What  it  V.cajurcj.  Tm:  yield  of  ICBM,  SLUM,  and  bomber  warheads 
is  totaled,  (u) 


tUJ  Limitation-;  and  L’r.crrt.<^rt  n  s.  This  nrasure,  Lvir..-;  the  sunuU^n  of 
three  previous  measures  (i.e.,  ICSK  Cross  Yield,  SL an  Cross  Yield,  a.-vl  hor'*r 
Cross  Yield! ,  invorrorate.s  all  cf  the  Imitations  and  uncertainties  of  their 
three  measures . 

(U)  Cocnent.  The  cooncr.ts  rertir.ent  to  the  measures  vbi  h  arc  summed 
for  this  aeasurc  (i ,  IC&M  Cross  Yield,  r.LBH  Cross  Yield,  a:.d  Itcuher  -.ross 
Yield),  also  afply  to  this 
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— - -  for  the  ,-5.  the  greatest  contribution  to  this  ncasure  fro*  I*XjC  to  V*lri 

is  Zion  the  l>  saber  force.  After  the  contributions  froa  the  bomber 

f,-.rre  An J  JCPM  force  are  about  equal.  The  CSSS.  however,  has  its  greatest 
contribution  iron  the  ICS.t  force  throughout  the  period. 
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1.  t"..')  s'.czil.  fms  section  csnires  the  Equivalent  '-fir-.s  <  =-MT J 

of  the  nuclear  forces.  f.KT  is  a  rcaaure  of  hlist  .-::--cts  jaiiiist 

brhin-:o:.'.t::il  ingots.  this  ncasutc  takes  ir.to  account  t:.e  :  that  a 

vcioor.'s  destructive  pc«cr  does  rot  grew  linearly  with  an  increase  n  weapon 
yield.  For  ire  s.tre  target,  a  VS  oeuaton  tMT)  weapon  is  r.ot  VS  tires  as 
destiuctive  as  a  1  tr  weapon. 

Accordingly.  m  order  to  estinato  the  Jotrcciive  r.iptsii ::/  of 
large  weapcr.s,  the  yield  is  taken  to  >one  fractional  :nwcr  { i . wr.cre 
*<1).  This  iciaulat;-,:.  reflects  tiie  fact  that  blast  is  s;heri:*l  :«  nature 
and  a  sigr.ificjr.t  jtttisn  of  the  nuclear  weapon  effects  arc  iattk'nly 
directed  j;vj:  1  into  the  atnosphere  rather  than  along  or  into  the  -.round. 

An  additior.il  *ssu-;ticn  is  that  tie  potential  target  area  is  rot  scalier 
than  t!w  result  ir.g  leth-tl  area  ot  the  wcajon.  If  the  lethal  area  of  the 
weapon  in  !ar/ot  ln»r.  tr.e  target  area.  idtT  overestimates  the 
dosage  petedtial.  various  values  have  been  used  for  x,  rar.gir. ;  froo  0.3 
to  C.6.  These  adgustnehts  can  be  node  to  take  into  account  the  varying 
character: .  ;o  «»t  ir.-th  wej;on  tyj  css  -»:.d  targets.  In  this  sr.  x  has 

been  to-  : e  e  "i.1  to  twc-tmids  for  yields  lesi.thm  i  .  'nr 

yields  l-*r  iv:  than  i  :rr,  since  the  lethal  area  of  a  vc.ljvn  will  tr  :e-ed 
t::e  JUC  c.;  to  .1  urtir.-i:  dastr:*!  target  areas,  a  lower  value  ■  f  x  U.C., 
x  *  1/1)  has  teen  used.  Maihertatically,  this  tecones: 

*xr  *  v* 

where:  3"  is  reasare-d  m  «T 

and  x  •  0.0/  for  V'l 

x  -  c.s  foi  ym  *-;r 

For  exasg-le.  a  IT-3  ICT  warhead  is  valued  as  0.22  SJ?T  and  *  I'*  JtT 
warhead  is  valued  as  J.10  by  this  measure. 

The  ctaspartsun  of  the  Q»T  of  the  tender  forces  of  both  rati /.ns  is 
based  upon  tfe  acsuagtions  concerning  leadings  described  in  Seen  -r.  h 
Independently  Targetat’e  Warheads,  and  in  Section  Z,  Gross  Yield. 


2.  (U)  General  Limitations  and  L’r.  certainties.  Equivalent  Megatons 
"Is  a  near ure  of  urban-industrial  damage;  however,  as  formulated,  £MT  tends 

to  overestimate  the  amount  of  daaage.  The  exponent  in  the  calculations 
should  be  dependent  in  a  non-linear  fashion  cn  the  yield  of  the  weapon,  the 
target  size,  and  target  composition,-  however,  as  foraulated  the  exponent  is 
solely  a  function  of  weapon  yield.  The  major  factor  in  the  overestimation 
is  sisply  that,  with  the  exception  of  major  cities,  a  nuclear  blast  area 
can  easily  exceed  the  size  of  the  city.  Other  factors  of  individual  weapon 
characteristics  and  effectiveness  as  well  as  operational  constraints  on  the 
delivery  systems  are  also  not  considered  by  this  measure. 

There  is  uncertainty  as  to  the  numbers  and  yields  of  Soviet  warheads. 

3.  Measures  Considered  in  This  f-.-ctic m 

I CBM  Equivalent  Megatons 
SLBM  Equivalent  Megatons 
I CBM  and  SLUM  Equivalent  Megatons 
Bomber  Equivalent  Megatons 

2 CBM,  SISK,  and  Somber  Equivalent  Megatons  iV) 
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(0)  Uncertainties.  There  is  little  uncertainty  associate!  with  current 
and  past  numbers  of  Soviet  ICBM  launchers.  There  is,  however,  a  degree  of  un¬ 
certainty  associated  with  the  type  and  yield  of  soviet  missile  warheads. 

There  is  also  uncertainty  in  the  future  estimates  of  MIRVed  IC&’.s  and  the 
number  of  warheads  associated  with  each  ICBM.  Future  projections  are  based 
upon  the  assumption  of  a  SAL  agreement  which  would  place  a  limitation  on  the 
number  of  delivery  vehicles  and  MIRVed  ICR'ts . 

‘A  portion  of  launching  sites  is  undergoing  over haul /upgrade  or  conversion 
at  any  given  tine.  Hence  our  estimate  of  which  warheads  may  be  associated 
with  these  sites  affects  the  total  FMT  calculation. 

(U)  Comment.  Using  a  single  set  of  exponents  in  comparing  the  two  forces 
docs  not  consider  the  different  •  i  between  US  and  Soviet  urban  area  charac¬ 
teristics.  Civil  defense  measures,  construction,  and  dispersion  all  co 
tribute  to  these  differences. 
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SLBM  EQUIVALENT  MEGATONS  (U) 

What  it  Measures.  This  measure  sums  the  Equivalent  Megatons  (EMT)  of 
all  the  SLBMs  m  the  force.  (U) 


Limitations .  EMT  is  a  valid  measurement  of  blast  capability  against 
urban-industrial  at:  a  targets;  however,  it  is  not  a  valid  measure  against 
[joint  targets  and/o',  hardened  targets.  (C) 

(U)  The  total  vt-lucs  of  Soviet  EMT  is  based  upon  our  perception  of  the 
type  and  number  of  £  HM  launchers. 
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(U)  Uncertainties .  The  current  and  past  numbers  of  Soviet  SLBM  launchers 
is  known  with  reasonable  accuracy.  There  is  scene  uncertainty  relat-ivi  to 
future  estimates  of  Soviet  MIKVed  SLBMs  and  the  number  of  warheads  associated 
with  each  SLBM.  Future  estimates  are  based  upon  the  assumption  of  a  SAL 
agreement  which  would  place  a  limitation  on  the  number  of  SLBMs.  There  is 
also  a  degree  of  uncertainty  associated  with  the  type  and  yield  cf  the  war¬ 
heads  on  these  missiles. 

A  number  of  submarines  nay  bo  undergoing  overhaul  and/or  conversion  at 
any  given  time.  Hence,  estimates  of  what  warheads  may  be  associated  with 
these  submarines  affects  the  total  EMT  calculation. 

(U)  Comment .  Although  the  smaller  yield  (less  than  1  MT)  warheads  or  most 
US  SLBMs  gain  in  value  by  this  measure,  large  cities  still  would  probably 
require  targeting  by  more  than  one  SLBM.  This  complicates  the  targeting 
problem  because  of  fratricide  and  timing  considerations. 
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ICEM  AND  SLEM  EQUIVALENT  MEGATONS  (U) 


What  it  Measures.  This  measure  sums  the  Equivalent  Megatons  (E.’!T!  of 
all  the  ICBMs  and  SLBMs  in  the  force.  (U) 


(l«)  Limitations  and  Uncertainties.  This  measure,  bcini  the  sunmatjon  of 
two  previous  measures  (i.e.,  ICBM  Equivalent  Megatons  and  : LEM  Equivalent 
Megatons),  incorporates  all  of  the  limitations  and  uncertainties  of  those  two 
measures. 

(U)  Comment .  In  addition  to  the  comments  applicable  tc  the  previous  two 
measures,  which  are  also  appropriate  to  this  measure,  combining  ICBMs  and 
SLBMs  into  a  single  measure  disregards  differences  in  operational  consider¬ 
ations  that  exist  between  the  two  separate  weapons  systems. 
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BOMBER  EQUIVALENT  MEGATONS  (U) 


What  it  Measures.  This  measure  sums  the  Equivalent  Megatons  (E.‘iT)  of 
all  strategic  bomber  offensive  nuclear  weapons.  (0) 


i 

i 
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Limitations.  While  EMT  is  a  measure  of  blast  damage  against  urban- 
industrial  targets,  it  is  not  a  valid  measure  against  point  and/or  hardened 
targets.  (0) 


1 


(0)  Assumptions  concerning  benber  loading  were  addressed  under  Bomber 
Gross  Yield  in  Section  E  of  this  Chapter. 
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P)  Uncertainties.  Current  and  past  numbers  of  Soviet  bombers  are  known 
with  some  accuracy.  However,  the  number  and  yield  of  weapons  used  in  ben.  .rs 
are  subject  to  a  wide  range  and  hence  there  is  a  great  deal  of  uncertainty 
as  to  both  the  US  and  Soviet  values.  However,  since  the  same  basic  assump¬ 
tions  have  been  made  with  regard  to  weapon  loading,  this  measure  represents 
an  upper  limit  for  both  forces. 

(',)  Comment.  Just  as  in  any  measure  of  bomber  weapon  capabilities,  total 
boroer  EMT  is  dependent  upon  the  assumptions  made  concerning  bomber  weapon 
1  lading.  With  the  large  number  of  different  yield  weapons  available,  such 
assumptions  can  introduce  large  errors. 
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ICBH.  SLBM,  AND  BOMBER  EQU  IVAIXLT  MEGATONS  (UJ 

What  it  Measures.  This  measure  sums  the  Equivalent  Megatons  (EMT) 
of  all  ICB.M,  SLBM,  and  bomber  forces.  {Ui 


(U)  Limitations  and  Uncertainties.  This  measure,  being  ■.  le  summation  of 
threo  other  measures  (i.e.,  ICBM  Equivalent  Megatons,  SLBM  Equivalent  Mega¬ 
tons,  and  Bomber  Equivalent  Megatons),  incorporates  all  of  th-  limitations 
and  uncertainties  of  those  three  measures. 

(U)  Comment.  The  comments  applicable  to  the  three  previous  measures 
which  make  up  this  measure  are  aiso  appropriate  to  this  measure.  Addition¬ 
ally,  this  measure  does  not  consider  the  differences  in  delivery  vehicle 
and/or  launcher  characteristics. 
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1.  General.  This  section  compares  the  total  lethal  area  potential 

of  the  strategic  nuclear  forces.  The  lethal  area  potential,  as  defined 
here,  is  the  area  on  the  earth's  surface  which  will  be  covered  with  at  least 
IS  psi  of  overpressure  when  a  weapon  is  detonated  at  its  optimum  height  of 
burst  for  maximum  blast  overpressure.  This  area  is  expressed  in  square 
nautical  miles  in  this  report.  (U) 

(U)  Lethal  area  potential  provides  an  estimate  of  the  capability  of 
nuclear  weapons  against  soft  area  targets.  Hence  lethal  area  potential  like 
£MT  may  be  used  as  a  measure  of  capability  against  urban-industrial  targets. 

The  value  of  15  psi  has  been  arbitrarily  selected;  however,  the 
following  effects  are  observed  at  that  overpressure:  (0) 


psi  Overpressure  Effects  (U) 


Threshold  of  Lur.g  Hemorrage 

Skull  Fracture  a  00*  (translation  effects) 

Lethality  -■  1*  (translation  effects,  persons 

in  the  open) 

Lethality  >  30*  (translation  effects,  persons 

near  structures) 

At  least  90*  probability  of  severe  damage  to: 

Single  and  multistory  wood  framed  buildings 

Sinole  and  multistory  masonry  buildings 

Sin:  e  and  multistory  reinforced  concrete  buildings. 


2.  (U)  Gener.  Limitations  and  Uncertainties.  As  a  measure  of  urban- 
industrial  damage,  . ethal  area  potential  usually  overestimates  the  amount  of 
damage.  This  is  be  ause  the  blast  area  may  exceed  the  size  of  the  target 
area  and  because  the  amount  of  actual  damage  within  the  blast  area  is  de¬ 
pendent  upon  other  motors  such  as  target  composition.  Appendix  B  discusses 
the  VS  and  USSR  urban-industrial  t;  rget  sets  which  must  also  be  connoered 
in  attacx  planning.  Other  than  yield,  individual  weapon  character .sties, 
effectiveness,  and  op  .-rational  constraints  are  not  considered  by  this  measure. 

There  is  uncertainty  as  to  the  numbers  and  yields  of  Soviet  warheads. 

3.  Measures  Considered  in  This  Section: 

ICBM  Lethal  Area  Potential 
SLBM  Lethal  Area  Potential 
ICBM  and  SLBM  Lethal  Area  Fotential 
Bomber  Lethal  Area  Potential 

ICBM,  SLBM,  and  Bomber  Lethal  Area  Potential  (U) 


ICBM  LETHAL  AREA  POTENTIAL  (U) 

foat-  it  Measures^.  The  total  lethal  area  potential  of  the  US  and  USSR 
ICBM  forces  is  compared.  The  area,  measured  in  square  nautical  miles  { n.a.2}, 
subjected  to  at  least  IS  psi  overpressure  is  determined  for  each  weapon  and 
then  summed  over  the  force.  Each  weapon  is  assumed  to  be  detonated  at  its 
optimum  height  of  burst  for  blast  overpressure.  (U) 


(U)  Limitations.  Although  this  measure  provides  an  indication  of  the 
total  area  which  may  be  subjected  to  a  given  overpressure  by  all  of  the 
ICEMs  in  the  force,  it  docs  not  take  into  account  synergistic  effects  re¬ 
sulting  from  other  nearby  weapon  bursts. 


116 


This  measure  fails  to  take  into  account  other  weapon  systems  character¬ 
istics.  Factors  such  as  prelaunch  survivability,  alert  rate,  reliability, 
accuracy,  etc.,  are  not  considered  in  this  measure. 

The  measure  also  does  not  consider  specific  target  types  or  hardness. 

(U)  Uncertainties.  The  IS  psi  blast  contour  is  a  function  of  weapon 
yield.  Hence,  any  uncertainty  in  weapon  yield  is  a  primary  cause  of  un¬ 
certainty  in  this  measure.  Since  blast  overpressure  has  been  summed  across 
each  nation's  force,  uncertainties  associated  with  the  numbers  and  types  of 
warheads  a1 so  contribute  to  the  uncertainties  of  this  measure.  There  is  a 
degree  of  uncertainty  associated  with  the  yield  and  number  of  warheads  (in 
the  case  of  MIRVed  ICSHs)  of  present  and  future  Soviet  ICEMs.  There  is 
little  uncertainty  associated  with  current  and  past  numbers  of  Soviet  ICBM 
launchers.  Future  estimates  arc  based  upon  a  SAL  agreement  which  would 
limit  the  number  of  ICEMs  and  the  number  which  may  be  MIRVed. 

(U)  Comment .  A  comparison  of  the  two  forces  using  lethal  area  potential 
as  the  measure,  tends  to  bias  the  results  towards  the  force  with  larger 
yield  warheads.  If  all  ether  force  characteristics  were  identical,  this 
would  not  be  an  inappropriate  measure.  However,  weapon  system  delivery 
accuracy,  reliability,  numbers  of  warheads,  target  cc  structicn,  and  tar¬ 
geting  philosophy  all  nay  interact  to  negate  the  adva  :  cage  shown  by  this 
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SLBM  LETHAL  AREA  POTECTIAL  (U) 

what  it  .Measures.  The  total  lethal  area  potential  of  the  US  and 
USSR  SLB..  force  is  compared.  The  area,  measured  in  square  nautical  n-.iles 
(n.a.  ),  subjected  to  at  least  15  psi  overpressure  is  determined  fer  each 
weapon  and  su^ed  over  the  force.  Each  weapon  is  assumed  to  be  detonated  at 
its  optimum  height  of  burst  for  blast  overpressure.  (U) 


(u)  Limitations.  Although  this  measure  provides  an  indication  of  the 
total  area  which  may  be  subjected  to  a  given  overpressure  by  all  of  the  SLS>:s 
m  the  force,  it  does  not  take  into  account  synergistic  effects  resulting 
froc\  other  nearby  weapon  bursts. 
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This  measure  fails  to  take  »nto  acc**1-..:  othir  weapons  systems  character¬ 
istics.  factors  such  as  prelaunch  survivability,  submarine  deployments, 
alert  rate,  reliability,  accuracy,  etc.,  are  not  considered  in  this  measure. 
The  measure  also  docs  not  consider  specific  target  types  or  hardness. 


(U)  Uncertainties.  There  is  a  degree  of  uncertainty  relative  to  the  yield 
of  Soviet  SLSMS .  Since  lethal  area  is  calculated  from  yield  such  uncertainty 
could  be  a  major  factor  in  the  accuracy  of  the  lcinal  area  calculation.  There 
is  little  uncertainty  associated  with  current  and  past  numbers  of  Soviet  SLSii 
launchers;  however,  there  is  uncertainty  associated  with  the  types  cf  future 
Soviet  SL3 ms  and  the  number  and  typ«es  of  warheads.  Future  estimates  arc  based 
upon  a  SAL  agreement  and  will  vary  depending  upon  Soviet  decisions  relative  to 
options  contained  therein. 


(U)  Cocnent .  A  measure  such  as  lethal  area  potential  which  addresses  only 
one  characteristic  of  a  force  can  be  misleading.  The  measure  of  SM£?  iethal 
area  potential  indicates  that  the  advantage  shifted  to  the  USSR  in  about  1374 
and  continues  to  favor  then  through  )  .‘dC.  This  is  true,  even  though  the  US 
has  a  substantial  lead  in  the  numbers  of  SIS:1,  warheads  throughout  the  entire 
period  with  an  advantage  of  more  than  3-to-l  in  1986.  This  numerical  id- 
vantage  in  warheads  permits  the  US  to  strike  three  times  as  many  targets  with 
its  SUE.’!  force.  With  target  disperr-  on,  one  means  of  civil  defense,  j  larger 
number  of  smaller  yield  weapons  may  be  more  advantageous. 
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ICBM  AM)  StPH  LtT.'iAL  A=£A  rOTO.-TlAt.  CJ) 

What  it  Measures.  This  measure  subs  the  lethal  area  potential  (IS 
psi)  for  all  the  ICSMs  and  SLBMs  in  the  force.  IU) 


(U)  Limitations  and  Uncertainties.  This  ncanure,  bei:ig  the  sussation  of 
two  previous  measures  (i.c.,  ICKM  Lethal  Area  Potential  and  SLKt  . ethal  Area 
Potential),  incorporates  all  of  the  lisitatiens  and  uncertainties  of  those 
two  measures. 

Also,  by  treating  all  warheads  the  sane,  there  is  the  additional  Imi¬ 
tation  of  treating  the  snorter  range,  less  accurate  SL3M  as  the  e«pia  1  of 
the  ij'.jer  range.  Bore  accurate  ICBM. 


(U)  Consent .  The  greatest  contribution  to  the  Soviet  lethal  area  poten¬ 
tial  in  this  cochined  neasure  is  fro*  the  I CBM  force.  ?his  is  due  to  the 
greater  nusber  and  higher  yields  of  Soviet  ICBMs  compared  to  Soviet  SLSMs. 
For  the  US  however,  the  contribution  Iron  ICBMs  is  about  the  sane  as  that 
free  SLBMs. 
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BCHBER  LETHAL  AREA  POTENTIAL  (C) 


What  i *■  ..easures.  The  total  lethal  area  potential  of  the  US  and  USSR 

2 

bomber  forces  is  compared.  The  area,  ncasured  in  square  nautical  miles  {n.m."'), 
subjected  to  at  least  15  psi  overpressure  is  determined  for  each  weapon  and 
summed  over  the  force.  Each  weai>on  is  assumed  to  be  detonated  at  its  optimum 
height  of  burst  for  blast  overpressure.  (0)" 


Limit  at  ions-.  Although  this  measure  provides  an  .  ndication  of  the 
total  area  which  may  be  subjected  to  a  given  overpressure  by  all  of  the  bombs 
and  ASMS  in  the  force,  it  docs  not  take  into  account  synergistic  effects  re¬ 
sulting  from  other  nearby  weapon  bursts.  (U) 


(U)  This  measure  {ails  to  take  into  account  other  weapon  system  character¬ 
istics.  Factors  such  as  prclaunch  survivability,  alert  rate,  bomber  penetra¬ 
bility,  reliability,  accuracy,  etc.,  are  not  considered  in  this  measure. 

(U)  The  measure  also  does  not  consider  specific  target  types  or  hardness. 


(U)  Uncertainties.  There  is  a  large  degree  of  uncertainty  associated  with 
the  number  and  yield  of  bombs  and  ASMs  carried  by  present  and  future  Soviet 
bombers.  There  is  al«-o  a  degree  of  uncertainty  associated  with  the  number 
and  yields  of  future  US  bomber  weapon  loadings.  As  lethal  area  has  been  cal¬ 
culated  from  weapon  yield  and  then  summed  across  the  bomber  force,  this  un¬ 
certainty  has  been  compounded  and  is  based  upon  our  jierception  of  weapon 
loading.  There  is  little  uncertainty  associated  with  current  and  past  num¬ 
bers  of  Soviet  bombers?  however,  there  is  some  uncertainty  associated  with 
the  numbers  and  types  of  future  Soviet  bombers. 

(U)  Comment.  This  measure  of  bomber  capability,  like  all  other  measures 
of  bomber  capabilities  in  this  report,  is  based  upon  the  earlier  assumptions 
used  concerning  bomber  loading. 
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ICSM,  SL8M,  AND  BOMBER  LETHAL  AREA  POTENTIAL  (U) 


What  it  Measures.  This  measure  suns  the  lethal  area  potential  (15 
psi)  for  all  the  ICBMs,  SLSMs,  and  bombers  in  the  force.  (U) 


(0)  Limitations  and  Uncertainties.  This  measure,  being  the  stagnation  of 
of  three  previous  measures  (i.e. ,  I  CBM  Lethal  Area  Potential,  SLBM  Lethal 
Area  Potential,  and  Bomber  Lethal  Area  Potential),  incorporates  all  of  the 
limitations  and  uncertainties  of  those  three  measures. 

(0)  Comment.  The  comments  to  those  measures  which  are  summed  for  this 
measure  are  applicable  here.  Additionally,  it  should  bo  noted  that  the  great¬ 
est  contribution  to  the  total  Soviet  lethal  area  potential  (more  than  70%)  is 
froa  the  ICB.M  force. 
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WEAPON  SYSTEM  ACCURACY.  I"'. 


1.  tU)  General.  This  section  compares  the  accuracy  of  OS  and  USSR 
strategic  weapon  systems.  The  accuracy  of  weapon  systems  is  normally  measured 
and  expressed  as  Circular  Error  Probable  (CEP) .  The  CEP  is  the  radius  of  a 
circle  centered  on  a  target  within  which  S0%  of  the  weapons  will  impact. 

This  section  addresses  two  separate  measures  of  weapon  system  accur¬ 
acy.  The  first  is  an  accuracy  comparison  of  US  and  USSR  ICBMs  and  SLBMs , 
which  compares  the  best  accuracy  of  these  systems  as  a  function  of  time. 

These  comparisons  reflect  the  comparative  state  of  ballistic  missile  guidance 
technology.  The  'ccond  measure  compares  the  average  accuracy  of  the  US  and 
USSR  strategic  forces  (ICBMs,  SLBMs  and  bombers) . 

(U)  General  Limitations  and  Uncertainties.  These  r*:asuros  depict 
the  estimated  CEP  for  arriving  weapons;  therefore,  relevant  factors  such  as 
reliability,  survivability,  penetrability  and  accuracy  of  target  location  are 
not  considered.  Appendix  C  contains  a  discussion  of  targrtinu  uncertainties. 
Possibly  of  greater  significance  is  the  ur-ertainty  of  the  validity  of  esti¬ 
mates  of  ballistic  missile  accuracy.  For  example,  there  are  restrictions  on 
launch  sites,  trajectories  and  impact  areas  for  testing  US  ballistic  missiles 
and  Soviet  accuracies  are  based  on  intelligence  data,  estimates  and  projections. 

3.  Measures  Considered  in  Tins  Section; 

Accu.  icy  Comparison  (1/CEP)  US  and  USSR  ICEHs 
Accui.  ey  Comparison  (1/CEP)  US  and  USSR  SLBMs 
Averc:  e  Accuracy  of  the  ICBM  Force 
Aver a. e  Accuracy  of  the  SLBM  Force 
Average  Accuracy  of  the  Combined  XCBM  and  SLBM  Force 
Average  Accuracy  of  the  Total  Strategic  Force  (ICBMs,  SLBMs. 
and  Bombers)  (U) 
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ACCURACY  COMPARISON  (1/CEP)  US  AND  USSR  XCBMS  (U) 


What  it  Measures.  The  reciprocal  of  the  CEP  (i.e.,  1/CEP),  measured 
in  nautical  miles,  of  the  most  accurate  US  ICBM  at  a  given  point  in  time 
is  plotted  against  the  reciprocal  of  the  CEP  of  the  most  accurate  Soviet 
ICBM  at  the  same  point  in  time.  Therefore,  this  plot  attempts  to  depict 
the  comparative  state  of  guidance  technology.  (U) 


(U)  Limitations.  This  measure,  which  disclavs  1/CEP  of  only  the  most  ac¬ 
curate  ICBM,  disregards  the  accuracy  of  all  other  ICBMs  in  the  force  at  that 
point  in  time.  Since  the  most  accurate  ICBM  is  often  the  newest  ICBM  in  the 
inventory,  the  curve  is  sensitive  to  the  introduction  of  a  new  weapon  system 
which  would  usually  represent  only  a  small  portion  of  a  nation's  ICBM  force 
in  the  year  indicated  by  the  measure. 
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The  measure  disregards  all  other  measures  of  I  CBM  force  effectiveness 
such  as,  prelaunch  survivability,  warhead  yield,  MIRV  or  MRV  capability, 
hardness  to  nuclear  effects,  number  of  missiles,  etc. 

(U)  Uncertainties .  There  is  a  degree  of  uncertainty  associated  with  the 
accuracy  and  year  of  introduction  of  past  and  current  Soviet  oissile  systems. 
Future  estimates  are  based  upon  a  perception  of  the  technological  improve¬ 
ments  in  Soviet  missile  systems  and  have  a  greater  degree  of  uncertainty. 

(U)  Comment.  -  Accuracy  can  be  improved  with  hardware  or  software  changes. 
These  changes  may  or  may  not' be  observable  in  the  deployed  forces.  The 
improved  accuracy  of  a  new  system  may,  therefore,  be  incorporated  into  an 
older  one  without  being  observed. 
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ACCURACY  COMPARISON  (1/CEP)  US  AMD  USSR  SLStS  (U) 


What  it  Measures.  The  reciprocal  of  the  CEP  (i.e.,  1/CEP),  neasured 
in  nautical  Biles,  of  the  nost  accurate  US  SLBM  at  a  point  in  time  is  plot¬ 
ted  against  the  reciprocal  of  the  CEP  of  the  isost  accurate  Soviet  SLBM  at 
the  same  point  in  tine.  Therefore,  this  plot  is  an  attempt  to  depict  the 
cooperative  state  of  guidance  technology.  (U) 


(U)  Limitations.  This  measure ,  which  displays  1/CEP  of  only  the  nost 
accurate  SLBM,  disregards  the  accuracy  of  all  other  SLBMs  in  the  force  at 
that  point  in  tine.  Since  the  nost  accurate  SLBM  is  often  the  newest  SLBM 
in  the  inventory,  the  curve  is  sensitive  to  the  introduction  of  a  new  weapon 
system  which  would  usually  represent  only  a  saall  portion  of  a  ration's  SLBM 
force  in  the  year  indicated  by  the  measure. 
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The  aeasure  disregards  all  other  Measures  of  SUM  force  effectiveness 
such  as,  prelaunch  survivability,  warhead  yield,  MIRV  or  MKV  capability, 
hardness  to  nuclear  effects,  nuaber  of  Missiles,  nuaber  of  subaarines  on 
station,  etc. 

(01  Uncertainties .  There  is  a  degree  of  uncertainty  associated  with  the 
accuracy  and  year  of  introduction  of  past  and  current  Soviet  aissile  systeas. 
Future  estimates  are  based  upon  a  perception  of  the  technological  inprove- 
aents  in  Soviet  nissile  systeas  and  have  a  greater  degree  of  uncertainty. 

(0)  Comen t.  The  accuracy  of  SLSMs  can  be  improved  by  hardware  or  soft¬ 
ware  changes  to  the  aissile  and/or  iaproveaent  in  the  accuracy  of  determin¬ 
ing  submarine  position.  These  changes  would  be  difficult  to  observe  in  the 
deployed  forces. 
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AVERAGE  ACCURACY  OP  the  IC3M  FORCE  (U) 


(0)  ID  order 
this  report,  the 


to  utilize  the  standard  graphic  representation 
twerse  of  the  average  force  accuracy  has  been 


foraat  of 
plotted. 
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(U)  Limitations.  The  Measure,  by  simply  averaging  accuracy,  takes  no 
account  of  individual  missile  characteristics  such  as  reliability,  yield, 
and  other  factors  of  force  effectiveness. 

Any  averaging  of  accuracies  can  be  misleading  without  some  idea  of  the 
distribution  of  these  accuracies  across  the  force. 

(0)  Uncertainties.  While  there  is  little  uncertainty  in  the  numbers  and 
types  of  Soviet  ICBKs,  there  is  a  great  deal  of  uncertainty  relative  to  the 
accuracies  of  Soviet  missiles. 

CJJ  Comment.  Missile  accuracy  can  be  improved  with  hardware  or  software 
changes.  In  most  cases,  these  improvements  can  be  made  undetected  by  the 
other  side.  They  only  became  apparent  through  observation  of  missile  tests 
which  may  or  may  not  be  a  true  indication  of  implementation.  In  addition, 
improved  guidance  observed  in  one  missile  type  may  or  may  not  be  incorpor¬ 
ated  in  other  missiles  already  deployed. 
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average  accuracy  of  the  slbm  FORCE  (U) 


What  it  Measures.  This  measure  con pares  the  arithmetic  means  of  the 
accuracies  of  the  total  US  and  USSR  SLBM  forces,  (u) 

(U)  In  order  to  utilize  the  standard  graphic  representation  format  of 
this  report,  the  inverse  of  the  average  force  accuracy  has  been  plotted. 


tU)  Limitations.  The  measure  takes  no  account  of  individual  missile 
characteristics  such  as  reliability,  yield,  and  other  factors  of  force 
effectiveness . 

Any  averaging  of  accuracies  can  be  misleading  without  some  idea  of 
the  distribution  of  accuracies  across  the  force. 
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CO)  Uncertainties.  While  there  is  little  uncertainty  in  the  nuabers  and 
types  of  Soviet  SLEMs.  there  is  a  great  deal  of  uncertainty  relative  to  the 
accuracies  of  Soviet  sissiles. 

(U)  Cococnt.  Mot  included  in  the  aeasure  is  a  coeparison  of  the  accur¬ 
acy  of  dete raining  suloarinc  position.  Launcher  position  is  a  hey  elesent 
in  the  total  weapon  delivery  accuracy  problen  and  is  the  aain  reason  that 
SLSMs  are  not  as  accurate  as  ccntecporary  ICBMs. 


U:)  The  net  effort  of  tr.es*-  Lia.'.os,  in  1936,  results  in  an  average 
tc-rco  ac.t  r.v.-y  fur  both  ri.o  VS  and  ITS-,  that  is  a:  [  rcxlnaco  ly  c.jual  do;:  itc 
the  fact  that  tr.-.-  United  i-tatos  the  advar.ta.'e  in  both  aver.,-"  urcc:- 

ney  ana  average  SLBM  .iveurney .  The  r*«.i:.  joint  that  r.uct  bo  cor.sideieu  is  that 
avi  rases  which  are  only  one  reuser*.-  of  central  tendency  nust  bo  treated  with 
v.  nation. 

(V)  Cr.TT-or, t .  The  ccr~.er.ts  aj.pii;aale  to  the  j-Tevious  twu  measures  arc 
aj-;-Uc.dd.-  to  ne.vsute.  i:.in;  the  two  “ensures  ignores  the  fact 

that  dote:—  mine  the  accuracy  ef  iauncVr  josition  i:.  a  j-rcbli.-.  for  Sbs.Xs 
but  not  lor  ICahs. 
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AVERAGE  ACCURACY  OF  THE  TOTAL  STRATEGIC  FORCE 
(IC'oms,  sl»:ss,  bombers)  Cj> 

’■  - t  it  Measures.  T!io  reciprocal  of  the  woicjntcd  average  delivery 
accuracy,  tmasured  i:i  nautical  niles,  of  all  the  strategic  nuclear  weai-ons 
in  each  force  is  ccei;  ai  cd .  {■.') 

(L')  In  order  to  utilize  the  standard  grar-hie  representation  fonsat  of 
this  report,  the  inverse  of  the  average  force  accuracy  has  been  plotted. 


i 


(Ul  Limitations.  This  measure,  being  a  comparison  of  only  t  lie  weighted 
average  delivery  ace.  racy  of  a  force,  disregards  all  other  weapon  character¬ 
istics  such  as  yield,  range,  hardness  to  nuclear  effects,  etc. 

This  measure  also  does  not  consider  numbers  of  delivery  vehicles  or 
characteristics  such  as  alert  rate,  reaction  tine,  survivability,  etc. 
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I. 


HARD  TAFGST  KILL  CAPABILITY.  (C) 

1.  general.  In  this  section,  the  hard  target  kill  car-ability  of 

the  ICBM,  SLBM ,  and  bomber  forces  is  compared.  (U) 

(0)  Hard  target  kill  capability  is  an  aggregate  measure  employed  as  an 
indicator  of  relative. countertcrce  capabilities.  .  This  measure  is  the  re¬ 
sult  of  an  attempt  to  demonstrate  the  strategic  balance  in  terms  of  the 
ability  of  a  force  to  destroy  hardened  targets.  A  homogeneous  target  set 
is  assumed  which'  is  at  least  as  large  as  the  number  of  warheads  available. 
Target  hardnesses  of  1,000,  2,CCC.  and  J,000  psi  have  been  used  to  illus¬ 
trate  ICEM  capabilities  in  this  measure.  (A  hardness  of  1,000  psi  was  used 
for  SLBM,  bomber,  end  total  strategic  force  capability).  This  should  not  be 
construed  as  an  indication  of  either  US  or  I’SSH  target  set  hard.uss  in  that 
these  various  hardnesses  have  been  selected  to  demonstrate  the  effect  of  in¬ 
creasing  hardness  on  this  measure. 

(y)  a  Vulnerability  Humber  (VN)  is  used  to  indicate  the  relative  re¬ 
sistance  of  a  target  to  damage  from  blast  pressure.  The  number  itself  has 
no  physical  significance.  When  assigned  to  a  target,  a  VN  identifies  the 
relation  believed  to  be  held  between  the  blast  pressure  and  the  probability 
of  damage  (of  at  least  the  specified  degree)  for  a  particular  target.  High 
VMs  denote  targets  highly  resistant  to  blast  damage;  'ew  VKs  denote  targets 
with  a  low  resistance  to  blast  damage. 

;u)  A  VN  was  assigned  to  each  of  the  three  e  t  imple  target  sets  based 
upon  the  hardness.  Then,  for  each  weapon  system  avai  lble,  the  Single 
Shot  Probability  of  Kill  (SSP^)  was  determined  for  an  .ving  weapons. 

This  SSPk  was  multiplied  by  the  number  of  weapons  of  e*ch  typo  available 
each  year  in  order  to  determine  the  total  number  of  taigets  that  could  be 
destroyed  in  that  year.  Mathematically: 

ICBM/5L3M 

C  =  Capability  =  £  RiNiPk 

i»l  i 

where  =  The  reliability  cf  the  ith  system 

M.  =  the  number  of  i^  independently 
targetablc  warheads  available 

P,  e  the  single  shot  probability  of 
*i  kill  for  the  ith  independently 
targetable  warnead. 

139 


LUiUvvv  uv  ina»nf*wnmi«int  ifwOH*  u"*  CX  y  ■«  kTtyx  WX 


(0)  A  combined  force  reliability  rate  of  0.85  was  assumed  in  the  cal¬ 
culations  in  this  section. 


2.  (UJ  General  ..imitations  and  Uncertainties.  Hard  target  kill  capa¬ 
bility,  as  a  measure  :£  counterforce  capability,  assumes  that  the  number  of 
targets  is  at  least  as  great  as  the  number  of  warheads;  that  all  the  targets 
have  the  same  hardness,  and  that  weapons  (such  as  SLBHs)  which  are  rela¬ 
tively  Ineffective  against  hard  targets  will  be  used  against  hard  targets. 
The  inaccuracies  intro.uccd  do  not  necessarily  cancel  cne  another.  Fratri¬ 
cide  effects  for  warhetds  attacking  nearby  targets  are  not  considered. 
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There  are  uncertainties  associated  with  the  yields,  accuracies,  and 
nuabers  of  USSR  warheads,  and  the  quantities  used  are  based  on  US  estimates 
and  projections. 

Measures  Considered  in  This  Section: 

ICBM  Hard  Target  Kill  Capability,  1,C30  psi 

ICBM  Hard  Target  Kill  Capability,  2,000  psi 

ICBM  Hard  Target  Kill  Capability,  3,000  psi 

SLBM  Hard  Target  Kill  Capability,  1,000  psi 

IC6H  and  SU3M  Hard  Target  Kill  Capability,  1,000  psi 

Bomber  Hard  Target  Kill  Capability,  l.ooo  psi 

ICBM,  SLUM,  and  Bomber  Hard  Target  Kill  Capability,  1,000  psi  «.’) 


ICBM  !iAKD  T.VC-LT  KILL  CAPABILITY,  1,000  PSI  (U) 

Stoat  it  Measures.  This  measure  compares  the  hard  target  kill  capa¬ 
bility  of  the  two  ICSM  forces  against  targets  with  a  hardness  of  1,000  psi. 
This  is  equivalent  to  an  adjusted  V1J  of  37.3  (i.e.,  1,000  r-si)  when  consider¬ 
ing  a  1  :rr  weapon.  Cj) 


Limitations,  rhis  is  a  general  neasure  designed  to  illustrate  the 
ability  cf  a  force  to  destroy  a  homogeneous  target  set.  It  .s  not  intended 
to  illustrate  the  ability  of  a  force  to  destroy  any  specific  target  set.  (0} 
(U)  The  hardness  of  1,000  psi  was  arbitrarily  selected,  .ir.d  hence  the 
measure  cannot  necessarily  be  used  as  a  counterforcc  index. 
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(U)  The  ncasure  assumes  that  there  is  a  set  of  targets  available  which  is 
at  least  as  large  as  the  number  of  independently  targetablc  warheads  avail¬ 
able.  This,  of  course,  say  or  say  not  be  the  case. 


(U)  The  neasure  fails  to  take  into  account  other  weapons  systems  character¬ 
istics  which  night  have  a  significant  inpact  upon  the  hard  target  kill  capa¬ 
bility  of  a  force.  For  example,  a  combined  launch  and  in-flight  reliability 
of  0.35  was  used  in  the  calculations.  While  this  value  nay  be  valid  for  gen¬ 
eral  ccrparisons,  ICK!  launch,  in-flight,  and  warhead  reliabilities  vary  in 
actual  practice.  Also,  not  included  in  this  measure  is  a  consideration  of 
possible  fratricide  cr  the  synergistic  effects  of  warheads  being  used  against 
nearby  targets. 

{'J)  Oncer  taint  ics .  The  results  of  the  calculations  arc  based  in  part  upon 
our  conception  of  the  composition  of  the  Soviet  ICBM  force.  There  is  little 
uncertainty  associated  with  the  numbers  of  Soviet  ICBM  launchers.  There  is 
a  significant  degree  of  uncertainty  associated  with  thu  yield,  accuracy,  and 
number  of  ind>  cndently  targetablc  warheads  associated  with  these  ICBMs.  For 
future  years,  > he  perceived  Soviet  ICBM  force  composition  fits  within  the 
informal  agree i ent-  reached  at  Vladivostok  which  provides  a  limit  of  2,403 
strategic  nucl ;  *.r  delivery  vehicles  and  limits  MlKVcd  ballistic  missile 
launchers  to  1,320. 
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ICBH  HARD  TARGiT  KILL  CAPABILITY 


COO  PSI  tUi 


What  it  Measures.  This  measure  is  the  same  as  the  preceding  measure 
except  that  a  homogeneous  target  set  of  2,000  nsi  was  considered  (i.e.,  an 
adjusted  VN  of  41.6  considering  a  \  ;:T  weaijcn) .  CU) 


{Uj  Limitations.  This  measure  "has  the  same  limitations  as  the  preceding 
measure  (ICBH  Hard  Target  Kill  Capability,  1,000  psi) . 

(a)  Uncertainties.  This  measure  has  the  same  uncertainties  as  the  pre¬ 
ceding  measure  (1CLM  Hard  Target  Kill  Capability,  1,000  psi). 


(U)  Comment.  .'he  comment  r.pplicable  to  the  preceding  measure  is  also 
appropriate  here.  In  addition,  a  comparison  of  the  two  measures  indicates 
that  doubling  the  imrdness  of  the  target  set  tends  to  bias  the  measure  away 
froa  the  generally  higher  yield,  less  accurate  USSR  ICSM  force. 


TCEVM  HARO 


TARGET  KIEL  CAPABILITY.  3,000  PSI  (U) 

Khat  it  Measures.  This  measure  is  the  Sire  as  the  tve  preceding 
stas arcs  except  that  a  homogeneous  target  sot  of  3,000  psi  was  consideieri 
(i an  adjusted  VS  of  43-3  considering  a  1  :-!T  weapon),  tv) 


CJ)  Limitations,  'his  measure  has  the  sate  limitations  as  the  two  pre¬ 
ceding  measures  {XC3M  I'.ird  Target  Kail  Ca;iabjiity,  1.C00  ESI  and  I  OEM  Hard 
Target  Kill  Capability,  2,000  ESI) . 

IS)  Uncertainties.  This  measure  has  ti.e  sane,  uncertainties  as  the  two 
preceding  measures  (icd::  Hard  Target  iti.ll  Capability,  1,000  PSI  and  ICE.': 
Hard  Target  Kill  Capability,  2,000  PSI). 
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Si^BA  HnsO  TAP.GtT  KILL  CAPABILITY,  1,000  PS  I  (V) 

What  it  .'■‘.oasure_5_.  This  c-.-asurc  compares  the  hard  target  kill  capa¬ 
bility  of  the  two  StBH  forces  against  targets  with  a  hastiness  of  1,000  psi. 
This  is  equivalent  to  an  adjusted  va  of  37.3  U.e.,  1.C00  psi)  -.-hen  consider¬ 
ing  a  1  xr  weapon.  (V) 


^  habitations.  This  is  a  general  measure  designed  to  illustrate  the 
ability  of  a  force  to  destroy  a  homogeneous  target  set.  It  is  not  intended 
to  illustrate  the  ability  of  a  force  to  destroy  any  specific  target  set. 

The  hardness  of  1,000  psi  was  arbitrarily  selected,  hence  the  measure 
cannot  necessarily  be  used  as  a  counterforce  index. 
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The  ceasure  assumes  that  there  is  a  set  of  targets  available  which  is 
at  least  as  large  as  t.ie  number  of  independently  tsrgetablc  warheads  avail¬ 
able.  This,  of  course,  nay  or  nay  not  be  the  case. 

The  measure  fails  to  take  into  account  other  weapons  systems  character¬ 
istics  which  eight  have  a  significant  inpact  upon  the  hard  target  kill 
capability  of  a  force.  For  example,  a  combined  launch  and  in-flight  re¬ 
liability  of  0.35  was  used  in  the  calculations.  While  this  value  nay  be 
valid  for  general  comparisons,  SLBM  launch,  in-flight,  and  warhead  relia¬ 
bilities  vary  in  actual  practice.  Also,  not  included  in  this  measure  is  a 
consideration  of  passible  fratricide  or  the  synergistic  effects  of  warheads 
being  used  against  nearby  targets. 

This  measure  addresses  the  SLUM  inventory.  Readiness  rates  will  signifi¬ 
cantly  affect  the  nunber  of  SLBHs  an  station  and  available. 

(U)  Uncertainties .  The  results  of  tiie  calculations  are  based  in  port  upon 
our  perception  of  the  Soviet  SLSM  force  composition.  There  is  a  significant 
degree  of  uncertainty  associated  with  the  yield,  accuracy,  and  number  of 
independently  targetable  warheads  of  Soviet  SuSHs.  Since  ail  of  th*-sc  are 
incorporated  in  the  calculations,  uncertainties  in  the  v.-loes  will  result 
in  corresponding  uncertainties  in  the  calculations.  Thci*  is  little  un¬ 
certainty  associated  with  the  numbers  of  Soviet  5L3M  pin -.Toros  {and  hence 
the  number  of  missiles)  in  the  inventory  for  current  and  ast  years. 
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:CE.‘t  AKD  SIAM  IIAKD  TAT-LET  KILL  CAPABILITY,  l»'Vv  1“  I  (U) 


si"hst  it  .".ear.uros .  This  ncasure  is  tv-  surwation  of  tvs  previous 
.measures,  ICBM  Hard  Target  Kill  Capability,  -  #0','0  FBI  ar.«l  SLBM  Hard  Target 
Sill  Capability,  1)000  PSI.  (0) 


(0)  Limitations •  This:  r.casure  has  the  sa-mo  limitations  as  the  two 
c.easuros  it  totals  (IC8J!  i.ird  Target  Sill  Cajaaility,  1,000  FBI  anJ  SIBM 
Hard  Target  Kill  Capabilit,,  1,000  PSD  . 


(0)  Uncertainties.  This  r-oasure  Las  the  sar.fi  uncertainties  as  the  two 
measures  it  totals  (ICRM  Hard  Target  Kill  Ous-AMiity,  1,000  Pr>:  and  BLliH 
Hard  Target  Kill  Capability,  l,Ci.-0  PSI). 
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_  .  The  ballistic  missile  hard  target  kill  capability  of  both 

5  is  primarily  a  function  vf  tae  ICivl  force  a-;  SLLMr.  are  generally 
accurate  and  have  the  added  disadvantage  of  carrying  smaller  yields. 
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HatBE.R  3iA?J?  TAKGS?  KILL  CAPABILITY,  1,000  PSI  {{.') 

Thi-  noAsuro  compares  the  hard  target  Mill  capa¬ 
bility  of  the  two  boKiior  forces  against  targets  with  a  hardness  of  1,000  psi. 

This  is  equivalent  to  an  adjusted  vfl  of  37. j  1,000  psi)  when  consider¬ 

ing  a  1  XT  weapon,  pj) 


Si  )  UaitAUo™.  This  is  a  general  neasuro  designed  to  illustrate  the 
alUity  of  a  force  t-.  destroy  a  horoq.-neous  target  set.  It  is  not  intended 
to  illustrate  the  ability  of  a  force  to  destroy  any  specific  target  set. 
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The  measure  assumes  that  there  is  a  sot  of  targets  available  which  is  at 
least  as  large  as  the  number  of  independently  targetable  warheads  available. 
This,  of  course,  may  or  nay  not  be  the  case. 

Relatively  ineffective  weapons  nay  have  contributed  significantly  to  the 
number  of  targets  destroyed. 

The  measure  fails  to  take  into  account  other  weapons  systems  character¬ 
istics  which  might  have  a  significant  impact  upon  the  hard  target  kill 
capability  of  a  force.  For  example,  a  combined  v-'apon  reliability  and 
bomber  penetrability  of  defenses  of  0.83  was  used  in  the  calculations. 

While  this  may  be  valid  for  a  ;oneral  comparison,  bomber  penetrability  and 
reliabilities  vary  xn  actual  practice.  Also  not  included  in  this  measure 
is  a  consideration  of  possible  fratricide  or  the  synergistic  effects  of  war¬ 
heads  being  used  against  nearby  targets. 

Bomber  loading  was  assumed  to  be  the  same  as  in  previous  measures  of 
bomber  weapon  comparisons,  that  is  maximum  when  weapon  availability  allowed. 

(U)  Uncertainties .  The  results  of  the  calculations  are  based  in  part 
upon  our  perception  of  the.  composition  of  Soviet  bomber  forces.  There  is 
little  uncertainty  associated  with  the  past  and  present  numbers  of  Soviet 
bombers.  There  is  a  significant  degree  of  uncertainty  associated  with  the 
yield,  -accuracy,  and  number  of  independently  targctatlc  warheads  associated 
with  these  bombers. 
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ICE!!,  SLBM,  AMD  BOMBHR  HARD  TAKCKT  KILL  CAPABILITY,  1,000  PSI  (U) 


_  Wiat  it  Measures.  This  measure  is  the  sanitation  of  three  previous 

measures:  ICBM  Hard  Target  Kill  Capability,  1,000  PSI;  SLBM  Hard  Target 
Kill  Capability,  1,000  PSI;  and  Bomber  Hard  Target  Kill  Capability,  1,000 
PSI.  (U) 


CO)  Limitations  and  Uncertainties.  This  measure ,  be: ng  the  sussiatrcn  of 
three  previous  measures  (i.e.,  ICBH  Hard  Target  Kill  Capibility,  1,000  PSI; 
SLBM  Hard  Target  Kill  Capability,  1,000  PSI;  and  acmb.tr  Hard  Target  Kill 
Capability,  1,000  PSI),  incorporates  all  of  the  limitatic  is  and  uncertainties 
of  those  three  measures. 
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1*  (0)  General.  This  section  compares  the  Counter  Military  Potential 

(CMP)  of  the  US  and  USSR  strategic  nuclear  forces.  CMP,  also  called  "lethal¬ 
ity,"  is  an  aggregate  measure  of  relative  counterforce  capabilities.  Un¬ 
like  Equivalent  Megatons  (EMT) ,  which  by  aggregating  the  equivalent  yield 
of  each  of  a  numbei  of  weapons  suggests  the  total  area  which  can  be  cove"d 
by  a  barrage,  CMP  assumes  point  target  attacks.  It  is  derived  by  dividing 
the  equivalent  yield  by  the  square  of  the  delivery  accuracy  (CEp“) ,  where 
CEP  (circular  errer  probable)  is  the  radius  of  a  circle  around  a  point  tar¬ 
get  within  which  half  the  weapons  launched  at  it  can  be  expected  to  strike. 
Mathematically  this  is  expressed  as: 


CMP  a 


r.:vr 

(CEP)2 


where:  1‘MT  =  Y2^2 

Y  is  measured  in  megatons 


CEP  is  measured  m  nautical  miles. 

For  example,  a  100  K7  warhead  with  a  CEP  of  0.25  nautical  miles  is 
•alued  as  having  a  CMP  of  3. >'.4  and  a  5  HI  warhead  with  a  CEP  of  0.5 
nautical  miles  is  valued  as  having  a  CMP  of  11.7  by  this  measure.  It  may 
be  noted  tl  1 1  the  value  of  Y2^  has  been  used  regardless  c£  weapon  yield 
when  calculi  ting  EMT  in  order  to  determine  CMP.  In  Section  r,  where  target 
area  was  a  'noidcration,  various  values  were  used  for  the  exponent  delud¬ 
ing  upon  we,  .-on  yield. 


2.  <U)  General  Limitations  and  Uncertainties.  Counter  Military  Po¬ 

tential  (CMP:  is  a  measure  ">t  a  force’s  counterforce  capability;  it  docs 
not,  however,  take  into  consideration  target  hardness  or  weapon  reliability. 
It  should  be  toted  that  CMP  approaches  infinity  as  CEP  approaches  zero-- 
i.e.,  as  weap:n  accuracy  improves.  This  factor  becomes  increasingly  im¬ 
portant  as  weapon  systems  achieve  greater  accuracies.  All  other  individual 
weapon  characteristics  arc  not  considered  in  this  measure. 
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There  are  uncertainties  associated  with  the  yields,  accuracies,  and 
mashers  of  USSR  warheads.  The  quantities  used  are  based  on  US  estimates  and 
projections* 

3.  Measures  Considered  in  This  Section: 

ICBM  Counter  Military  Potential 
Sta.'l  Counter  Military  Potential 
1CUM  and  SI*BM  Counter  Military  Potential 
Bomber  Counter  Military  Potential 

ICBM,  SLBM,  and  Bomber  Counter  Military  Potential  (U) 
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ICBM  COCKTEJi  MThlTAKY  PCCEUTIAI.  CJ) 


What  it  year uros.  This  roasure  is  the  surrvation  of  the  Counter 
filitary  Potential  (CMP)  of  all  the  IC3Ms  in  the  force.  (J) 


Linitationn.  CUP  is  a  rscasure  intended  to  estiaat..  a  force's  capibil- 
ities  against  hard  point  targets;  however,  it  does  not  tafc<-  into  account  the 
effects  Of  target  hardness.  CC5 

(U)  The  total  values  of  Soviet  C:!P  are  based  upon  our  p  rception  of  t’  f 
type  and  r.uaber  of  IGBM  launching  .-sites.  As  a  result,  the  i or.sibility  tha 
scoc  launchers  «aay  be  capable  of  launching  rcre  than  one  rsicsiic  is  not  in¬ 
cluded  in  the  aeasurc. 
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SL-SM  CO'Jt.TER  MILITARY  FOTEKTI.tL  (U) 


What  it  Measures.  This  measure  is  the  summation  of  the  Counter  Mili¬ 
tary  Potential  (CMP)  of  all  the  SLUMS  in  the  force.  (U) 


Limitations.  CMP  is  a  measure  intended  to  estimate  a  force’s  capa- 
1  ility  against  hard  point  targets;  however,  it  dees  not  take  into  account  the 
effects  of  target  hardness.  (0) 

(U)  The  total  values  of  Soviet  CS4P  are  based  upon  our  perception  of  the 
type  and  number  of  observed  ballistic  missile  sufsarincs  and  thereby  missiles. 
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(U)  Unceitalnties.  There  is  a  fair  degree  of  uncertainty  associated  with 
the  type  and  yield  of  the  warheads  on  Soviet  SLBMs  as  well  as  the  accuracy 
of  these  systems .  There  is  little  uncertainty  associated  with  the  current 
and  past  numbers  of  Soviet  SLB.‘*  launchers.  Future  estimates  of  SLSM  launchers 
are  based  upon  the  assumption  of  a  SAh  agreement  and  nay  vary  depending  upon 
Soviet  decisions  and  options  therein. 

A  portion  of  the  total  number  of  submarines  is  undergoing  overhaul  ard/ 
or  conversion  at  any  given  time,  and  therefore  cur  estimate  of  which  war¬ 
heads  may  be  associated  with  these  submarines  affects  the  total  Chi’  calcu¬ 
lation. 

I'd)  Comment.  SLSM  counter  military  potenti.  1  is  presently  limited  by  the 
comparative  inaccuracy  of  these  systems.  SLBM  CMP  can  also  fcc-  ..nereased 
with  improvements  in  submarine  position  determination  thereby  improving 
SLSM  accuracy. 


IC2M  A! W  SL-‘M  COVSTES  KII.I7A?.?  KST.-.TIAX.  (•„•, 


*rt~hct  it  Measures.  7 
(ICS?!  counter  Military  potois 
is,  therefore,  the  suraatioa 
the  force,  fj) 


his  B0*s“«  *-*»  preceding  two  reasures 
tiai  and  SUM  counter  Military  Potential,.  rt 
of  the  CMP  of  all  of  the  ICSMs  and  SUMS  in 


This  manure,  teing  the  suwation  of 

the  precedtn,  two  ««.«.  (i.e..  lest  Counter  Military  potential  and  st» 
-ounter  Military  Potential,,  incarnates  all  of  the  imitations  and  un¬ 
certainties  of  those  two  ssuaserwa. 
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samara  cxrrri?.  miutaky  kstfntial  ('.') 


W-.at  it.  ho-aaures.  This  measure  is  the  sagatiWi  o£  the  counter  mil¬ 
itary  potential  of  all  warheads  carried  by  the  bomber  force.  {-) 


<UJ  Licdtatibns.  Ct?  is  a  rseasure  intended  to  estimate  a  force’s  capa¬ 
bilities  against  hard  point  targets.  It  is  not  intended  to  illustrate  the 
ability  of  a  force  to  dv  troy  ai.y  specific  taroet  set. 

Totaling  up  £!e  C<?  of  ber-bor  warheads  does  not  take  into  consideration 
systta  or  individual  wart,  rad  effectiveness.  Factors  such  as  bosh c-r  penetra¬ 
bility,  reliability,  iaruwts  to  nuclear  effects,  etc.,  are  not  considered 
in  this  seasurc. 
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Cu)  Uncort.untic--:.  There  ts  little  uncertainty  associated  with  current 


iieit-aiciit  on  an' 


ai-J-pdsc  r,'~-i'-r;;  o£  Soviet  t-oftbers.  future  est ina: ,-s  arc 
SAi  aijrcenent  and  Soviet  entions  within  it. 

There  is  a  considerable  o£  uncertainty  associated  with  the  tv,,- 

yield,  accuracy,  a.-ui  r.unber  cf  Soviet  fc^r-relatcd  warheads.  Ml  ,sti-  * 
cates  are  based  ujen  fS  j>erccptions. 

IVi  Ccnnctit.  targe  denlcyserts  of  the  very  arcutuse  \;,ch  to  .„— 
bottocr  force  fcUowing  its  introduction  in  the  oa-*--  *->at  -  -  -  ,, 

for  the  lar-ge  increase  in  CMP  after  lt'31. 


—  1.  <U)  General .  This  section  addresses  expected  results  of  an  ICBM  ■ 

first-  scrikc  by  either  side-  against  the  other  side’s  ICBM  launchers.  Such 
an  exchange  is,  of  course,  not  possible.  However,  this  nethed  has  been 
utilized  m  order  to  present  a  comparison  of  US  and  USSR  ICR.':  capability  to 
draw  down  the  other's  force.  The  general  methodology  is  as  follows:  Con¬ 
sidering  the  launcher  site  of  one  side  as  a  target,  tue  probability  cf  daw- 
age  (P^)  is  calculated  when  the  other  side’s  ICBMs  are  used  as  attacking 
weapons.  The  is  dependent  upon  ICBM  launcher  hardness  and  the  attacking 
ICBl’.s  yield  ar.d  CEP.  Using  the  precomputed  P^,  calculations  are  then  maJc- 
for  each  year  with  one  nation's  ICBM  force  as  the  tarcut  and  the  ether 
nation's  ICBM  force  as  the  attacker.  The  calculations  nay  be  done  in  such 
a  manner  so  as  to  optimize  destruction  of  any  one  of  the  measures  of  an  ICBM 
force  (i.e.,  numbers  of  ICBM  launchers,  number  of  independently  targetable 
ICBM  warheads,  ICBM  gross  livid,  ICBM  EMT,  etc.).  The  two  nations'  roles 
arc  then  reversed  and  a  similar  set  of  calculations  are  done. 

In  the  case  of  the  measures  presented  in  this  section,  the  follow¬ 
ing  assumptions  were  used:  Targot/wcapon  combinations  were  selected  to 
optimize  the  number  of  launchers  destroyed.  Two  independently  targetable 
warheads  were  targeted  against  launchers  when  the  attac -tor's  system  char¬ 
acteristics  and  inventory  permitted  (i.e-.,  in  as  far  at  -as  possible  two-on - 
one  cross-targeting  was  used).  It  was  assumed  that  com . Lned  launch,  in¬ 
flight,  and  strike  reliability  was  0.85  for  both  the  Un  .  .ed  States  and  the 
Soviet  Union,  in  those  cases  where  a  nation  had  suffic:-  nt  weapons  in  in¬ 
ventory,  reprogramming  for  unsuccessful  launches  was  used.  The  effects  of 
fratricide  were  nr":  considered  i'.asmuch  as  it  was  assume-:  that  the  timing 
problems  of  two-on-one  cross-targeting  could  be  resolved. 

A  comparison  of  a  SLBM  first  strike  was  not  made  because  of  the 
general  ineffectiveness  of  present  SLBMs  against  hardened  targets  such  as 
ICBM  silos.  Similarly,  SLBMs  or  ICBMs  were  not  considerci:  for  attacks  on 
ballistic  missile  submarines,  except  for  possible  attacks  aoainst  such  sub¬ 
marines  in  port,  due  to  problems  associated  with  submarine  detection. 


Bombers  were  also  not  consick-rod  In  a  first  strike  role  because  of 


the  time  required  from  aircraft  takeoff  to  the  weapon  release  point.  Present 
warning  systems  for  both  sides  could  detect  such  an  attack  early  enough  to 
allow  the  defending  nation  enough  time  to  launch  a  retaliatory  attack  iofore 
the  bombers  arrived.  ICB.Ms  and  SLUWs  were  also  not  targeted  against  bonbeis 
because  of  possible  dispersion  to  inultip'.t  airfields  and/or  the  fact  that 
many  bombers  could  be  on  airborne  alert. 

2.  (U)  Limitations  and  '.'r, certainties.  The  measure  does  not  consider 
the  numbers  and  types  of  weapons  the  attacking  nation  would  have  remaining 
after  the  first  strike  other  than  the  total.  It  also  does  not  depict  the 
numbers  and  types  the  attacked  nation  would  have  renaming  other  than  the 
total.  The  measure  also  excludes  the  effects  of  defensive  or  counter-offen¬ 
sive  actions  which  nay  be  taken  such  as  ALMs,  or  attempts  to  launch  out  from 
under  attack.  Although,  as  discussed  in  earlier  sections,  there  is  come  un¬ 
certainty  associated  with  the  yields,  numbers  of  independently  targecablc 
warheads,  accuracy,  and  reliability  of  Soviet  ICBMs,  there  is  greater  un¬ 
certainty  associated  with  the  hardness  of  Soviet  launchers.  To  a  lesser 
degree,  there  is  uncertainty  regarding  US  ICBM  launcher  hardness. 

Failing  to  cinsidor  ballistic  missile  submarines  and  intercontin¬ 
ental  bombers  as  pot!  ntial  targets  or  as  first-strike  weapons  systems  is 
probably  inconsister. ;  with  existing  strategy.  A  concentrated  effort  could 
be  made  to  locate  an  I  destroy  these  forces  in  conjunction  with  an  ICEM  first 
strike  thereby  limiting  tneir  role  in  any  retaliatory  role.  Conversely, 
these  forces,  through  planning,  deployment  and  deception,  could  be  used  in 
a  first  strike  role  against  other  lesser  non-hardened  targets. 

3 ,  Measures  Considered  in  This  Section; 

Surviving  IC8.M  Launchers  After  a  First  Strike  by  Either  the  US  or 
USSR 

Surviving  ICBM  Warheads  After  a  First  Strike  by  Either  the  US  or 
USSR 

Residual  ICBM  Launchers  after  a  First  Strike  by  Either  the  US  or 
USSR 

Residual  ICBM  Warheads  After  a  rirst  Strike  by  Either  the  US  or 
USSR 
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Average-  IC3M  Silo  Hardness 

Average  Warhead  yield  in  Hirst  Strike 

Average  Accuracy  of  Warheads  in  First  Strike 

Sensitivity  of  First  Strike  Analysis  to  Circular  Error  Probable 

Sensitivity  of  First  Strike  Analysis  to  Yield 

Sensitivity  of  First  Strike  Analysis  to  Target  Hardness  (U) 
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Thu  measure,  by  simply  attempting  to  maximise  the  nunaer  of  ICtiM  launchers 
destroyed,  does. not  take  into  account  the  capabilities  of  the  surviving  ICsMs 
such  as  yield,  iy.T,  numbers  of  independently  targetable  warheads,  etc.- 

The  measure  disregards  the  possibility  that  the  nation  attacked  nay  bo 
able  to  launch  out  from  under  attack. 

(U)  Uncertainties.  The  P^  for  each  target  is  a  function  of  the  hardness 
of  the  target  to  nuclear  effects  and  the  yield  and  cr.P  of  the  offensive  weapon; 
therefore,  uncertainties  in  any  of  these  three  characteristics  will  effect 
the  value  of  the  P^.  Sensitivity  of  the  calculations  to  these  uncertainties 
arc  addressed  later  in  this  section. 

There  is  ■■»  significant  degree  of  uncertainty  with  regard  to  the  hardness 
of  Soviet  ICIi.'j  launchers  and  to  a  1  user  degree,  the  hardness  of  US  XCSM 
launchers.  There  is  some  degree  of  uncertainty  associated  with  the  yields, 
numbers  of  independently  targctablc  warheads,  accuracy  and  reliability  of 
Soviet  launchers. 

It  was  assumed  that  the  weapon  fratricide  problems  could  bo  solved  »y 
timing  of  weapon  arrival,  hence  the  expected  value  disregards  fratricide. 
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SURVIVING  ICSM  KAKliEAOS  AFTER  A  FIRST  STRIKE 
BT  EITHER  T"iE  US  OR  USSR  (U) 


What  it  :*t»asur«s.  This  measure  compares  the  number  of  inder.cn- 
ently  targctable  ICBM  warheads  that  would  survive  a  first  strike  by  the  US 
or  USSR  on  the  other  side.  (See  Surviving  XCBH  Launchers  After  a  First 
Strike  by  Either  the  US  or  USSR.)  (U) 


(U)  Limitations.  To  obtain  the  results  in  this  ceasure ,  the  number  cf 
ICBKs  req sired  cay  exceed  the  number  of  weapons  which  one  nation  is  willing 
to  expend  in  order  to  draw  down  another  nation's  IC&M  force. 

The  measure  docs  not  depict  the  number  and/or  type  of  weapons  that  the 
attacking  nation  would  have  remaining  in  its  inventory  after  the  first  strike. 


lUf  meu sure- disregards  the  possibility  teat  the  nation  attacked  say  Li¬ 
able  to  launch  out  from  under  attack. 

This  measure  is  a  result  of  the  calculation  for  the  previous  measure 
(Surviving  ICBM  Launchers)  in  which  an  attempt  is  made  to  max in ice  the  num¬ 
ber  of  launchers  destroyed  and  not  the  number  of  warheads  destroyed. 

(U)  Uncertainties.  There  is  some  degree  cf  uncertainty  regarding  the 
numbers  and  types  of  ICBM  launchers  surviving  and  hence  the  number  of  war¬ 
heads  surviving.  Also,  the  number  of  Soviet  warheads  is  not  certain. 

(U)  Comment.  The  number  of  surviving  ICBM  warheads  is  dependent  in 
large  part  upon  the  targeting  philosophy  employed.  Had  some  other  value 
such  as  independently  iurgetable  warheads  or  EM?  been  selected  as  the  opti¬ 
mization  criteria,  significant  differences  in  the  expected  value  calcula¬ 
tions  m3y  have  resulted. 
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_  RESIDUAL  I  CBM  LAUNCHERS  ’iFTER  A  FIRST  STRIKE 

By  EITHER  THE  US  OR  USSR  (U) 

What  it  Measures.  This  measure  compares  the  nunber  of  IC3M  launcher  a 
remaining  in  a  force's  inventory  after  launching  a  first  strike. 


(0)  Linitaticns.  This  measure  is  highly  dependent  upon  the  attack  assump¬ 
tions  and  targeting  philosophy  described  in  paragraph  1  of  this  section.  The 
number  of  ICEHs  that  must  be  used  in  order  to  minimize  the  surviving  IC8M 
launchers  of  the  other  side  nay  exceed  the  number  of  ICBMs  which  either 
nation  is  willing  to  expend  in  a  first  strike. 

This  measure  docs  not  take  into  account  the  capabilities  of  the  remaining 
ICBMs  such  as  yield,  EMT,  number  of  independently  targctoblc  warheads,  etc. 


<M  HncerUin^ie,.  The  nusher  of  surviving  XCH«  launchers  fi^Rds  upo_ 
"  -  *»-  °f  »*  «*—  -  «>-,  to  4«  a*,  the  wiag 

~ce;  *  "** dcpends  «* 

pon  individual  weapon  characteristic  such  as  yield  and  accuracy.  Ail  e, 
these  are  uncertain  to  one  degree  or  ar.cshcr. 

(u)  Saat.  While  also  a  function  of  particular  icaM  yields  and  accur- 

T"  nBab°-rS  °*  rCridU"i  *««*»«  «.  in  large  ^t  dictated  by  the 
targeting  philosophy  eaploycd. 
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(U)  Uncertainties.  Since  si  if)  hardness  is  related  to  rsar.y 
construction  li.e.,  ty;>o  of  concrete,  reinforcing  rods,  shape, 
site  geology,  the  hardnesses  used  were  c::ly  a:  crexinations. 


factors  of 
etc . ) ,  and 
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<u>  Limitations,  The  measure.  by  simply  averaging  yield,  excludes  addi- 

— tiondl  individual  nie.**  /«w  j  *  •  . 

-  ■  S  ch-MCt^istics  such  as  reliability,  accuracy,  and 

^thcr  factors  of  counter-force  effectiveness. 

The  measure  does  not  consider  the  effectiveness  of  the  remaining  force; 
i.e.,  the  force  remaining  after  a  first  stiike. 

There  are  rnny  different  targeting  combinations  possible  and  it  is  un¬ 
likely  tnat  the  particular  combination  of  warheads  used  ir.  the  simulated 
would  uctuuily  be  unod. 

)  ^cert  '.int  .os*  There  is  little  . .. 

— - - _ - . —  Aiuwic  -..ccixair.wj*  in  the  n unborn  arc!  tyr.es 

of  Soviet  IChhs.  However ,  the  yields  and  the  accuracies  of  the  missiles  used 
are  estimates  Used  uj-en  hs  perceptions.  These  characteristics,  in  part, 
dictated  which  missiles  were  used  in  the  attacks. 

W)  Tho  vorh‘**,»  ir>-  the  first  strike  were  dictated  more 

by  warhead  accuracy  than  yield.  For  instance,  while  the  Soviet  mien  main¬ 
tains  a  large  arsenal  of  high  yield  weapons,  it  was  mote  advantageous  in 
the  counter force  strikes  of  later  years  to  use  the  lower  yield  warheads 
with  t!  .■  greater  accuracies. 


AVERAGE  ACCURrtCV  0?  WARHEADS  USED  Ih* 


riRST  strike  (uj 


<CJ) 
report , 


In  order  to  .utilise  the  standard  tjruptuc  rep: 
~..ft  inverse  of  the  average  accuracy  has  boon 


osencation 

plotted. 
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(U)  l.imitat  ion:;.  The  Measure,  by  simply  averaging  accuracies,  takes  no 
account  of  l!ic  other  individual  missile  characteristics  such  as  reliability, 
yield,  and  other  factors  of  counterforce  effectiveness. 

The  measure  ignores  the  effectiveness  of  the  renaming  force;  i.e., 
the  force  remaining  after  attacking. 

There  arc  many  possible  targeting  combinations  and  therefore  it  is  un¬ 
likely  that  the  j articular  combination  of  warheads  used  in  the  simulated 
attack  would  actually  be  used. 

(U)  Uncertainties .  There  is  little  uncertainty  in  the  mimfcer  of  and 
typo  of  Soviet  I  CBM  a.  However,  there,  is  a  greater  degree  of  uncertainty 
relative  to  the  accuracies  of  these  ICin'is  which  are  estimates  based  upon 
US  perceptions. 

(U)  Comment .  The  accuracies  of  the  available  warheads  were  in  large 
{'art.  the  nain  factors  in  warhead  selection  for  tl.u  initial  strikes. 
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SENSITIVITY  OK  FlKiT  STRIKE  ANALYSIS  70 
_  cir-.rvtAS  error  r-wOBAUi.1:  iv) 

What  it  Measures.  Figure-  II-S3  (Surviving  ICI'.M  Launchers  After  a  First 
Strike  by  Either  the  OS  or  USSR),  represents  a  con;\iri;.on  of  the  expected 
results  of  an  XCTM  first  strike  by  either  side  against  the  other  side's  I CUM 
launchers.  In  the  discussion  of  that  measure  it  was  noted  that  the  p.roha- 
bility  of  dar-a-go  (P  j)  for  •■ac.h  target  is  a  function  of  both  the  hardness  of 
the  target  to  nuclear  v>i<i[o:i  effects  an  1  the  yield  and  Cl P  of  tin;  offensive 
weajon.  This  measure  in  designed  to  lllu-.trate  the  sensitivity  of  rigure 

to  ot  fonts  i ve  mm;  on  CEP  data  inaccuracies.  This  was  done  by  recalcu¬ 
lating  the  si  suits  for  the  yar  lv'?8  wfh  all  factors  except  we  a;  on  CEP 
hold  constant.  (.Vapor:  CEP  was  changed  in  ter.  percent  increments,  and  the 
number  of  surviving  I Cls;  launchers  surviving  a  first  strike  by  either  the 
U3  or  CSSK  was  recalculate!  f.-r  each  e£  these  increment;. .  (t!) 


106 


.  (U)  Limitations.  The  surviving  ICBM  launcher  rc-sults  shown  in  Figure 
11-60  were  obtained  using  the  sane  targeting  strategy  as  originally  applied. 
While  a  different  targeting  strategy  night  produce  different  absolute  values, 
the  relative  values  that  result  from  changes  in  CEP  would  be  similar  to  those 
shown . 

Since  this  measure  analyses  only  the  effects  of  changing  CE?  on  the  num¬ 
ber  of  surviving  ICSMs,  other  factors  which  could  also  affect  the  results 
such  as  changes  in  yield,  systen  reliability,  silo  hardness  etc.,  were  not 
considered.  Collectively,  these  factors  night  compound  to  produce  greater 
changes  than  any  single  factor  taken  by  itself. 

(C)  Uncertainties.  There  is  a  large  degree  of  uncertainty  associated 
with  the  actual  CEP  of  US  and  Soviet  IC3Ms  due  to  the  limited  number  of  mis¬ 
sile  tests  from  which  data  were  obtained.  In  the  case  of  Soviet  ICBMs,  CEP 
estimates  are  based  upon  intelligence  sources.  Additional  factors  contribu¬ 
ting  to  accuracy  uncertainties  are  errors  concerning  launcher  and  target 
positions,  gravitational  field  of  the  earth,  and  the  guidance  system 
hardware  within  the  missile  itself.  A  discussion  of  these  factors  is  con¬ 
tained  in  Appendix  C. 

(U)  Comment .  A  comparison  of  sensitivity  analyses  for  CEP,  yield,  and 
silo  hardness  indicates  that  the  number  of  surviving  ICEMS  is  most  sensitive 


SENSITIVITY  OF  FIRST  STRIKE  ANALYSIS  TO  YIELD  (U) 


Wut  it  Measures.  This  measure  is  similar  to  Sensitivity  ot‘  First 
Strike  A j  '-sis  to  Circular  Error  Probable  (Figure  11-60) ,  except  that  the 
sensitivxt-v  of  first  strike  analysis  to  weapon  yield  was  examined.  (U) 


(0)  Limitations.  The  surviving  ICP.1  launcher  results  sho-.-r.  in  Figure 
11-61  were  obtained  using  tho  same  targeting  strategy  as  the  ».i;inal  1973 
analysis.  While  a  different  targeting  strategy  might  produce  •’iffvrvnt  ab¬ 
solute  values,  the  relative  values  that  result  from  changes  in  yield  will 
be  similar  to  those  shown. 

Since  the  measure  analyses  only  the  effects  of  changing  the  yield  cn  tin* 
number  of  surviving  ICBM  launchers,  other  factors  which  could  also  affect  the 
results  such  as  changes  in  CEP,  system  reliability,  etc.  were  r.ot  considered. 
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Colitct  ivi  ly,  these  factors  would  combine  t*i  pti-lme  iimatcr  cnuisjes  than 
.my  sir.^li’  factor  taken  by  Itself. 

Tho  qiven  yields  for  the  I'd  anil  I'hSU  missiles  am  based  upon  estimate* 
of  yield  at  the  time  the  individual  m*,:-.iU«  was  developed.  After  a  missile 
remains  in  a  silo  over  a  period  of  tiw>,  however,  the  nucleir  material  may 
partially  decay  so  that  actual  missile  yield  will  !«•  lest  than  originally 
oxjvcted. 

Sin<.e  this  measure  analyzes  only  the  scu-.it  »vt'  H*s  el  suivtvinq  launch¬ 
er!.  with  respect  to  changes  in  yield,  otlu-i  ja.  i.t-t  which  could  effect  the 
results  such  a*i  chanues  in  missile  i  t:p  and  silo  li.itdiicss  were  not  included. 

(U)  ihicet  t.iinties.  The  uncertainties  in  the  number  of  surviving  launchers 
with  respect  to  the  base  number  in  l-)7‘.l  are  small.  The  absolute  number  of 
surviving  launcher::  duo  to  chances  in  missile  yield,  however,  possess  the 
same  uncertainties  as  t he  base  llfTt*  result. 
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cj) 

What  it  M'-.iauti.:!.  This  su-asute  is  similar  to  Fonsitivity  ol  First 
Strike  Analysis  to  Circular  Lrror  rrobaUr  (Figure  11-uo),  except  that  the 
sensitivity  uf  first  strike  analysis  to  target  hardness  was  examined.  CJ) 


(U)  Lmitnt  ions,  The  surviving  ini'!  launcher  results  s.iovu  i:»  Figure 
11-62  were  obtained  by  using  the  sane  targeting  strategy*  as  the  original  1078 
analysis.  while  a  different  targeting  strategy  night  produce  different  abso¬ 
lute  values,  the  relative  values  that  result  froo  changes  in  silo  lardr.ess 
toil!  be  similar  to  those  given. 


The  given  hardnesses  for  t.-ie  US  and  'J33?  silos  an-  hast'd  upon  estimate: 
of  tire  characteristics,  of  the  silo  construction.  There  are  nany  factors 


which  can  affect  silo  hardness.  Among  these  ate  the  geological  character¬ 
istics  surrounding  the  silo  site  such  as  quantity  ar.J  type  of  rock,  as  well 
as  the  moisture  contained  in  the  soil . 

Since  this  measure  analyzes  only  the  effects  of  varying  silo  hardnesses 
on  the  number  of  surviving  launchers,  other  factors  which  toe Id  influence 
the  results,  such  as  we  as  on  system  reliability,  yield,  .mil  CEl'  were  net  con¬ 
sidered.  Tne  sensitivities  of  missile  yields  and  CLi's  were  discussed  pre¬ 
viously  in  this,  section. 

(d)  ‘.'neertaintiesi .  The  uncertainties  in  the  number  of  surviving  launchers 
with  respect  to  the  base  musl'ers  in  1978  are  small.  The  absolute  number  of 
surviving  launchers  due  to  changes  in  silo  hardness,  however,  possess  the 
same  •uncertainties  as  the  bast  1978  result. 
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1.  t U)  iVreral.  The  measures  in  this  sretion  are  ..n  atter-pt  tu  Jer.o::- 
"trat,;  t!u‘  *'*’ lance  in  terns  of  the  capability  of  force  to  rt-ra- 

iate  after  sustaining  a  counterforce  fire*,  strike.1*  rlas  section  only 

*********  th‘-  «•*'««»  effectiveness  against  a  specific  enemy  target 

structure. 

Tor  each  v.  jjon  system  considered.  the  effectiveness  against  a 
<jer.crjlir.-d  target  structure  is  determined.  This  effectiveness  is  defined 
as  "equivalent  w.  af<-:.s“  SEW). 

Vn  (per  weapon)  »  _ _ _ 


H.ere  a.  b.  an <1  ate  different  types  of  tuners,  each  «»»  tess.ri  as  a  ratU 
relative  to  the  total  nc-e-cr  of  targets  in  the  target  strectuie,  p  is  the 
expected  :  i.-s-abi  laty  tf  kill  against  that  tyj-e  of  tar. jet.  i»  this  section 
only  three  t/i-s  <.f  targets  arc  considered  {a— soft  joint  targets ,  b~r.v£t 
area  targets,  and  c-iord  joint  targets— (i.e. .  l.or.O  jut  has  io.n  used  in 
this  nc.trute) ) .  •  ,us, 

■  ♦  b  ♦  c  *  v 

’,j(  *  3  soft  point  target  can  l»:  killed  by  any 
1  weajxrn  used. 

Y  2/3  ,,, 

P*2  *  *  Y  '  uUcn  r0  ~  1  yT‘  Y  ?/1  3>ves 

the  Pk  (expected  value)  against,  the  area 
destroyed  by  a  1  KT  weapon.  Thc-tcfore,  for  a 
soft  target,  the  area  of  danag.i  due  to  blast 
overpressure  is  proportion., 1  to  the  two-thirds 
power  of  a  weapon's  yield.  This  results  in 
Kulti-aoeaton  yield  woaj-or.s,  which  are  capable 
of  killing  larger  areas  than  a  1  MX  weapon, 
being  .-stinted  a.-,  artificial  "p  -  greater  than 
1.  although  it  is  recognized  that  a  proba¬ 
bility  cannot  exceed  1. 

Volta\^y"r*  £l«t'*c  ***««  5alara-,.:  A  New  Measure."  Survival, 

volume  X.-..  hiu-awr  1,  Mgy/June  1')??.  - — - 
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_  I'.,  •  Tin*  'Wt.'ile  i.nut  j  roii.bl  1 1  ty  o!  Kill  t .  <  r  .m  it.!"- 

.1  |  ••inl"hi  ly  •  .trad  .t.-lf  v.rle'.i.l  a  t.tid'.i  >  i**i 

t.irn'-l,  "it  mi  til  .id  .•  i  iM/Ui'l  V'.tlm-r  ...  1 1 1 1  y  iiu.j  «>r 
{fill  <»f  }'!  >  t  ll.v.i  liili.;  |  .11  'i.il'lt  wlnm  i'uiis;,)' 
er  it.'i  i  1  MT  weapon. 

2.  (U)  General  Unitationn  nn<.l  I'neet  taint  leg .  There  an*  » hr diffi¬ 

culties  In  th«i  forrnil.ition  of  fetal  l.uory  Equivalent  Weapons i 

a,  Tim  piobalu  l  itv  Mt  kill  .rf  .t  soft  ar*‘.i  turret  iu  not  tin*  1;“T  of  Uie 
ve.tfof.  um'iI  aniii'.t  it.  I.MT  i:i  r.ot  a  jteiab:  1  sty  ol  my  hind. 

l>.  The  tm  ,  •.  itruituiv  is  in  f.i of  jssunc  1  to  be  infinite;  r . m «•** 
over,  •  .i.itiuRM  .1  to  he  th"  n.irv.*  Jor  Kith  ,ti. .vt.,  , 

C.  The  rvasure  <•!  l«>v.itc:i  w.m|oii:i  to  t.iroet'j  j  t  ioti.il  ly  to 

pre-attack  -n. rater/. 
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•  i  u* 

;  •- !iu’ 
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bii..  :»  the  r«\!. 

line  wl.itlt  I 

IV.  1 

hnpo  i«*i."Ou:»  forr«  relative  to  .i  t  eon:. i*it:ir>  of  venton  *.  with  .Iivi-jm* 
els.ir .n’t*  r : .»•.  ie«,  Th*  r •••fc.ro.  (><•... r.i.j"  ••  (  t  r.»«  li:i:'-";  :em;i ;  y  o t  the  fotce  .t-i 
eor.f.iro:!  ro  *  hi  Owi'-t  force.  Hot  ul  l.itorv  f.'W  tends  to  ovcrcslliint  c  : oujia- 
bilirici:  relative  to  l*  ■:><  raj abi 1 i l i«r . 

There  iu  a  >!•*  tree  of  ute.er t .utity  in  rhv  nunLcr  of  survivmi 
anti  bonr-sr  ferei  r.,  ami  to  .i  lmi'ier  <!c.|t"e,  surviving  di.*>>!s.  There  ir:  ali.w 
uncertainty  in  tin*  yields.  accnracict,  an!  nu. ’bo-  oi  warhead;;. 

for  a  target  sot  comjoticd  primarily  of  soft  joint  tarm-tn,  tit**  I'W 
(|^*r  weapon)  approaches  unity.  Pot  a  t.ir  iot  net  conjoiio.!  juioarUy  nf  uuft. 
area  tar  jots,  the  fW  !j>.'r  weai-on)  .ifpronches  the  KMT  of  the  ••c.tjicn.  finally, 
tor  the  far' let  set  coo; >oac.l  of  harJ  joint  t.irw'.a,  t lie*  K'.v  ( | ».•  r  vcajonl 
approaches  tnc  sinqlo  shot  [fobibi  lity  of  kill  for  that  we  a  ion  Hint,  a  haul 
joint  taruct. 

Therefore,  a  target.  structure  can  be  chosen  wntch  will  opt  mire  the 
KW  of  or.o  force  to  the  detriment.  of  the  other. 
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koliiMt  J  ,‘|iM  ,nt,|  *tKM  I'l't.il  i.i*  ry  IM'll'Mlont  Weapon** 

•■a*  1  t.ild*'  *:viMut  l*i/i  il  j  atory  t:  j-jiv.iJvi,/  Wimj^iii) 

'••■It.x.M1*  J.l'fi,  ant  l«< mijM-r  la'.ory  l.qivitvfit  U’mjxik. 

•J .  l.'hM  letal latory  Fguivalcr*.  Weapon*.  a  compar iron  of  the  «<juiv- 

ub-nt  wvapnnn  in  the  two  force*  fan  l*v  rtaUu  Lut  a  more  at«_*  '•t.mpurlMOi* 

i*  the  total  l;W  <  itVr  niiti*  could  deliver  on  the  other  after  suntainlnq  a 
diro.-t  counter  for  e«  utnko.  This  total,  for  ICBMo  only#  is  represented  by 

the  f 1 1 1 •  -w t r»*» t 


.  .....  ,  1C,UM  Hi*.  A7K  AllM 

I  CUM  retaliatory  FW  *  5,  EVI  pi'*  be 

i-l  1 

where  tJ.  ■»  number  of  I*'*1  weapons  ( independently 
tarqctablo  KVs) 

t)i 

LWt  •  equivalent  we  a; on;,  of  the  i  uynton 
0  »  weapon  reliability  and  other  deficiencies 

\**V 

t'.-* . *  probability  of  surviving  a  hallmtic 

mi  anile  attack 


Abi'* 

r-i  *  i  t.vbatility  of  pc not rating  . iri  anti- 
l-.illiHtic  missile  attack,  (u> 

(l*)  To  c nan i no  the  effect  the  target  structure  would  have  on  the  re 
thn  v  i  tsos  were  compared  with  the  target  structure  ratio  varied  .v; 
follcwui 


Caoe 

l 

: 

a 

•  (1.4, 

h  * 

n . , 

c  ■» 

0.2 

Case 

XI 

t 

a 

»  0.4 , 

b  » 

0.2, 

c  » 

"V> 

Cano 

III 

I 

a 

•  0,2, 

b  ■ 

0.4, 

>J  • 

0.4 

(U)  The  first  three  muaeurao  in  this  auction  addrous  reliable  ICBM 
retaliatory  <»|ui.«altnt  weapon:*  for  tin*  tr.iee  different  tarqot  structure 
ratios.  In  three  me.autuii,  for  1  Hunt  rat  ivo  purposes,  tlie  result/)  of  the 
I  fovloU'i  measure  'Suivivinq  ICISM  haunchorr.  After  a  First  strike  by  hither 
the  Vd  or  yflfl b"  wire  used  to  dotormne  the  r, unbar  (N ^ )  of  weafxsnH  .iv.ulnblr 
to  '/tther  silt-  fo»  a  itt.ili.uoi  y  iitrtkc.  havin.i  survived  a  first  strike, 

the  term  Pa*'’  •  l  for  those  weapons.  7hr  l;W  per  weapon  wan  calculated 

*  AUM 

as  indicated  above,  with  ?  assumed  to  >>*•  g.b5  and  let  '  equal  to  l.  Tin  re- 
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-Hss  neasurt-  ct-.r-tres  VS  and  CSSH  reliable  :cM 


-r~z\t  jr  ^easurca 

*  ***  ■  - -  «***««•<?  IWiV1'! 

retaliatory  equivalent  weapons  asaiasc  a  ta „ 

,  •*  -s^rwcture  eceipcsed  ol  soi* 

point,  targets,  soft  area  taico^s  j  •*./.  .  ,  . 

H  *  an“  l‘-v  “  -31  -ard  joint  tarcets.  The 
ratio  of  these  targets  for  this  case  -.-as  assc—U  to  be: 

a  (sort  joint  targets)  =  0.4 

b  (soft  area  targets)  *  O.f 

c  (1. MO  ?*si  hard  point  targets .•  «-  0.2  (U) 


CU)  HSitationa.  This  is  a  ger-era-  teassre  designed  to  illustrate  the 
-bUity  of  .  forte  to  retaliate  after  sustaining  a  counterforce  strUc 
***  available  vcapor.s  used  in  the  calculations  verc  the  renal,  sf  a  re¬ 
view  re.sure  and  t»7  or  trap-  not  present  the  actual  sitoatier  *hlvl 
exist.  ’ 

JCO 
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The  measure  assumes  that  there  is  a  sc'  of  targets  available  which  is 
at  least  as  large. as  the  number  of  retaliatory  equivalent  weapons  available. 
This,  of  course,  may  or  nay  not  be  the  case. 

The  measure  addresses  a  total  target  structure  composed  of  soft  point 
targets,  soft  area  targets  and  hard  point  targets  (1,030  psi)  and  propor¬ 
tionally  aligned  in  the  ratios  stated  in  the  example  used.  Actual  target 
structure  nay  vary  significantly,  and,  depending  ujon  targeting  philosophy, 
available  weapons,  and  weapon  characteristics,  so  will  targets  destroyed. 

The  measure  fails  to  take  into  account  otner  weapon  system  character¬ 
istics  which  night  have  a  significant  impact  upon  the  hard  target  kill  cura¬ 
bility  of  a  force,  for  example,  a  combined  launch  and  in-flight  reliability 
of  0.35  was  used  in  the  calculations.  While  this  value  nay  be  valid  for  gen¬ 
eral  comparisons,  1C3JI  launch,  in-flight,  and  warhead  reliabilities  vary  in 
actual  practice.  Also  not  included  in  this  measure  is  a  consideration  of 
possible  fratricide  in  the  case  where  two  or  r.o-e  r.Vs  are  used  against  a 
single  target  or  the  synergistic  effects  of  warheads  being,  used  against  near¬ 
by  targets. 

(U)  Uncertainties.  The  tesults  of  the  calculations  are  based  in  part  upon 
our  conception  of  the  rom position  of  the  Covice  TCbM  force.  There  is  little 
uncertainty  associated  with  the  numbers  of  Soviet  I CUM  boosters  used  in  the 
mea:  ure  "Survi"ing  ICOX  Launchers  After  a  First  St like  by  Either  the  US  or 
CSSS’*  to  deter:  ne  the  weapons  available  for  this  measure.  There  is  a  sig¬ 
nificant  degrei  of  uncertainty  associated  with  the  yield,  accuracy,  and 
number  of  indej  •  tdently  taigctablc  warheads  associated  with  these  iCSMs  and 
with  the  number  tnd  type  of  either  U5  or  USSR  ICRXs  that  would  actually 
survive  a  first  strike.  In  addition,  the  target  structure  and  use  of  the 
surviving  weapon-  by  either  side  ray  vary  significantly  from  those  used  in 
this  measure. 

(t?)  Comment .  When  a  target  structure  is  composed  primarily  of  soft 
point  targets  and  soft  area  targets,  the  rv-asuro  will  bo  biased  towards 
the  Soviet  ICBM  ferco  with  its  large  yield,  relatively  inaccurate  weapons 
(as  compared  to  conrempotary  U3  weapon:.). 


RELIABLE  ICBM  RETALIATORY  EQUIVALENT  KEATONS ,  CASE  II  (U) 


What  it  Measures.  This  neasure  is  the  same  as  the  preceding  measure 
except  that  the  target  ratio  has  been  changed.  Specifically: 

a  (soft  point  targets)  =  0.4 

b  (soft  area  targets)  =  0.2 

c  (1,000  psi  hard  point  targets)  =0.4  (U) 


(0)  Linitatlong  and  Uncertainties.  The  limitations  and  uncertainties 
for  Casa  I  apply  to  Case  II. 

(0)  Comment .  The  Case  II  target  structure  places  a  greater  emphasis  on 
hard  point  targets  than  in  Case  1.  This  introduces  a  bias  in  favor  of  the 
more  accurate  ICBM  force,  which  in  this  case  is  the  VS  force. 
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RELIABLE  I  CM  RETALIATORY’  EJUIVAU'::,’  t.’SARCKS,  CASE  III  (U) 


What  it  Measures,  this  measure  is  the  sar.e  a3  the  preceding  two 
measures  except  that  the  target  ratio  has  been  changed.  Specifically: 

a  (soft  point  targets) 

fc  (soft  area  targets)  =  C.4 

:  (1,000  jsi  hard  point  targets)  =  0.4  (U) 


(0)  Limitations  and  Uncertainties.  The  limitations  a-.d  uncertainties 
foe  Cases  I  and  XI  also  apply  here. 

(0)  Coment.  The  equal  emphasis  cri  soft  area  targets  and  hard  point  tar¬ 
gets  in  the  target  structure  negates  some  of  the  differcncer  in  the  US  and 
USSR  ICSM  warheads.  Hnwever ,  an  inherent  bias  remains  in  the  measure  since 
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5.  SLBM  Retaliatory  "c-.uivalent  feipor.s.  Paragraph  4  of  this 

section  addressed  ICBM  retaliatory  equivalent  weapons.  The  following 
measure  is  the  same  as  the  preceding  measures  except  that  only  SLBMs  are 
addressed.  A  target  structure  similar  to  the  ICBM  Case  I  was  assumed. 
The  total  reliable  SLRM  retaliatory  equivalent  weapons  i3  represented  by 
the  follouir.q: 

StBM  at  sea  v; 

SLBM  Retaliatory  EW  =  Z  NEW  s?s  Ps 

j=l  3  3 

th 

whore  N.  =>  tiur.be r  of  j  ‘  weapons  (independently 


J  targetable  RVs) 

EWj  =  equivalent  weapons  of  the  3 


th 


stem 


p  =  weapon  reliability  and  other  deficiencies 


Ps 


ASW 


Ps 


ARM 


=  probability  of  surviving  an  .inti-submarine 
warfare  (ASW}  attack 

a  probability  of  penetrating  an  anti-ballistic 
mist, lie  (ARM)  system.  (0) 


(0)  One-half  of  the  ballistic  missile  submarines  (and  therefore  approx¬ 
imately  one-half  of  the  total  independently  targetable  SLBM  RVs)  were  assumed 

to  be  on  station  and  available  to  either  side  for  a  retaliatory  strike. 

ASW 

The  EW.  per  weapon  is  calculated  as  in  the  previous  measure.  Fs  was 
assumed  to  be  equal  to  1,  e  was  assumed  to  be  0.35,  and  ps*8-'  was  assumed 
to  be  1,  Therefore,  under  the  above  assumptions,  the  calculations  of  the 
total  reliable  SLBM  retaliatory  EW  becomes  one-half  of  the  summation  of 
the  EWj  (per  weapon)  times  the  number  of  available  weapons  of  each  type  in 
the  force  times  the  reliability.  Mathematically: 


.SLBM 

SLBM  Retaliatory  EW  ■  0.5  Z  0.85  U.£ W 

j-1 

where  th  •  the  number  of  3th 


3  3 


EW. 

3 

0.85 


system  warheads 
.th 


the  equivalent  weapons  of  the  j  system 

the  combined  force  reliability  rate  assumed 
in  the  calculations 
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RELIABLE  SLBM  RETALIATORY  EQUIVALENT  WEAPONS  <U) 

What  it  Measures.  This  measure  compares  US  and  USSR  reliable  SLBM  re¬ 
taliatory  equivalent  weapons  using  the  same  Case  I  target  structure  assumed 
for  the  preceding  ICBM  comparison.  Specifically: 

a  (soft  point  targets)  *  0.4 

b  (soft  area  targets)  >0.4 

c  (1,000  psi  hard  point  targets)  »  0.2  (U) 


(U)  Limitations.  This  measure  has  the  same  limitations  as  the  previous 
Case  1  ICBM  measure  (Reliable  ICBM  Retaliatory  Equivalent  Weapons,  Case  1) . 
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Additionally, . the  actual  numbers  of  submarines  on  station  nay  vary  con¬ 
siderably  from  the  50  percent  assumed  in  the  calculations,  and  the  proba¬ 
bility  of  surviving  an  ASW  attack  nay  be  significantly  less  depending  upon 
any  determined  efforts  to  locate  the  submarines  and  destroy  then  in  conjunc¬ 
tion  with  the  first  strike  on  the  homeland  of  the  submarines. 

(U)  Uncertainties.  The  results  of  the  calculations  are  based  in  part 
upon  our  perception  of  the  composition  of  the  Soviet  SLSM  force.  There  is  a 
significant  degree  of  uncertainty  associated  with  the  yield,  accuracy,  and 
number  of  independently  targetablc  warheads  associated  with  Soviet  ICBMs. 
There  is  little  uncertainty  associated  with  the  number  of  Soviet  SLBM  plat¬ 
forms  (and  hence  number  of  missiles)  in  the  inventory  for  current  and  past 
years.  Future  estimates  arc  based  upon  the  assumption  of  a  SAL  agreement 
and  may  vary  considerably  depending  upon  Soviet  decisions  relative  to  opti ms 
contained  in  the  agreement.  In  addition,  the  target  structure  and  use  f  the 
available  weapons  by  either  side  may  vary  significantly  from  those  used  in 
this  measure. 


(-)  Comment.  The  low  yield,  relatively  inaccurate  SLBKs  have  little 
effectiveness  against  hard  point  targets.  Father  than  allocate  them  across 
the  target  structure  in  accordance  with  the  definition  of  EW  in  actual 
practice  these  weapons  would  probably  be  allocated  against  soft  point  and 
soft  area  tasjets  and  ICB::s  would  be  allocated  against  hard  point  targets. 
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.  Bocber  Retaliatory  E bivalent  Weapons.  The  following  Measure 

is  similar  to  the  preceding  ones  in  this  section  except  that  only  bomber 
forces  are  addressed.  The  total  reliable  bomber  retaliatory  equivalent 
weapons  is  represented  by  the  following* 


Bomber  Retaliatory*  13!  *  I  N.  EW  0  Ps®*  *TKpsPEN 

k=l  *  * 

where  X.K  «  r.unbor  of  kth  weapons 

EW^  »  equivalent  weapons  of  the  kth  system 

0  «  weapon  reliability  and  other  deficiencies 

FsBV*  *  probability  of  surviving  a  ballistic 
Missile  attack 

PEtZ 

Ps  «  probability  of  bomber  penetration.  CU) 


(U)  For  bombers  in  this  section,  a'  combined  probability  of  penetration 
and  reliability  of  0.85  was  used,  and  it  is  assumed  that  o.33  of  the  btxabers 
will  survive  a  ballistic  missile  attack  for  illustrative  purposes.  The 
EWfc  per  weapon  is  calculated  as  before. 

Thus,  mathematically: 

Bomber 

Bomber  Retaliatory  EW  *  I  C0.33J  to. 8!  N  EW. 

k-1 

th 

where  ■  the  number  of  k  system  warheads 

EW.  «  the  equivalent  weapons  of  the  k*'1  system. 


RELIABLE  SOMBER  RETALIATORY  ECUIVALENT  WEAPONS  (U) 


— -^t  "casu.r0£»  measure  compares  OS  an.  USSR  reliable  bomber 

retaliatory  equivalent  weapons  using  the  same  target  structure  as  in  the 
IC&M  Case  I  measure.  Specifically: 

a  (soft  point  targets)  *  0.4 

t  (soft  area  targets)  *  0.4 

c  (1,000  psi  hard  point  targets)  *  0.2  ('.') 


•  iV)  —  This  o»*=ure  has  the  same  limitations  a*  the  previous 

Case  I,  ICB.M  measure  (Reliable  ICBM  retaliatory  Equivalent  Weapon,.  Case  I). 

Additionally,  the  combined  reliability  and  penetrability  of  bombers  may 
be  much  less  than  the  Msuacd  0.9S.  Similarly,  the  probability  of  bomber 

survival  from  a  ballistic  missile  attack  may  be  much  different  than  the  0.33 
ttflliCel  was  lSHUBk\}  • 

2X2 


(0)  Uncertainties.  The  results  of  the  calcuiaticn  arc  bu«a  in  pwt  up* 
o«r  perception  o£  the  composition  of  the  soviet  bcober  force,  there  in  * 
f^rde3ree  of  unoerteinty  associated  with  u*  yield,  accuracy.  sod  ounhers 
**"*?  **ber  -arheads.  There  in  little  uncertainty  Verdin*  nuobor,  of 

Present  Soviet  b«bcrs.  Sstinatcs  of  future  number,  arc  less  certain. 

(V)  convent,  the  enplwsis  on  soft  area  over  hard  points  induce,  .  bias 
toward  the  larger  yield  soviet  bonber  weapons  and  away  from  the  «rc  accur¬ 
ate  lower  yield  us  **Ks  which  arc  deployed  •  7  the  LS  after  1*30 
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RELIABLE  I CBM,  SLUM  AKD  BOMBER 
RETALIATORY  EQUIVALENT  WEAPONS  (U) 


What  At  Measure*.  This  Measure  is  the  total  of  three  previous 
Measures]  Reliable  I CBM  Retaliatory  Equivalent  weapons ,  Case  Si  Reliable 
SLBK  Retaliatory  Equivalent  Weapons]  and  Reliable  Baaber  Retaliatory  Equiv¬ 
alent  Weapons.  (U) 


(U)  limitations  and  Uncertainties.  This  Measure,  being  the  suaration 
of  threq  previous  Measures  (i.e..  Reliable  ICBM  Retaliatory  xjuivalent 
Weapons,  Case  I]  Reliable  SLUM  Retaliatory  Equivalent  Weapon:.;  and  Reliable 
Bomber  Retaliatory  Equivalent  weapons) ,  incorporates  all  of  the  limitations 
and  uncertainties  of  those  three  aeasuiv*. 


!.  STRATEGIC  SErEKSIVE  SYSTEMS.  (U) 

i.  GCJcr»l.  This  section  esapues  the  nuabers  of  strategic  de¬ 

fensive  weapons  of  the  OS  and  USSR.  It  does  not  address  passive  defensive 
Measures.  CD) 

(C)  T fee  relationships  between  offensive  and  defensive  systens,  when 
addressing  the  strategic  balance,  are  not  linear.  Defenses  nay  be  active 
and  include  interceptor  aircraft.  Surface- to-Air  Missiles  (SAMs) ,  and  ASK 
forces.  They  nay  be  passive  and  include  dispersal  of  the  targetable  re¬ 
sources,  population  sheltering,  and  hardening  of  specific  sites.  Whether 
active  or  passive,  a  snail  increase  in  defensive  posture  of  one  nation  night 
require  a  csjor  increase  in  the  offensive  capability  of  the  other  nation  to 
earn  tain  the  balance.  On  the  other  hand,  a  large  effort  to  inprove  defenses 
night  be  required  as  a  result  of  a  relatively  snail  increase  in  the  offen¬ 
sive  capability  of  the  other  nation. 

(C)  A  comprehensive  analysis  of  the  strategic  balance  Must  consider 
defensive  systems.  While  these  systens  cannot  directly  threaten  the  how 
land  sf  the  other  nation,  they  can  contribute  to  strategic  stability  or 
instability. 

a.  .  Anti-Ballistjc  fissile  forces.  The  Anti-Ballistic  Missile 
CaW)  systesrs  of  the  two  countries  are  constrained  by  the  AW  Treaty  of 
1972.  This  treaty  linited  both  the  US  and  USSR  to  two  AW  sites  each,  one 
site  could  be  located  to  protect  the  national  capital  and  the  other  to  pro¬ 
tect  an  ICm  launch  area,  each  site  was  further  1  ini  ted  to  100  launchers 
and  Missiles.  Additional  restrictions  were  placed  on  the  nunber  and  types 
of  radars  which  could  be  aeployed  at  the  sites.  (U) 

(U)  A  protocol  to  the  ABM  Treaty  ratified  on  Wovesber  lO,  1975, 
subsequently  United  the  parties  to  only  one  AM  deployment  site.  This  site 
nay  be  relocated  on  a  one-tine  basis  with  advance  notice  given  of  the  change. 

tO)  The  Soviet  AM  defenses  are  centered  around  Moscow  and  in¬ 
clude  early  waning  radars,  battle  nanagenent  radars,  and  esgagtnmc  radars 
in  addition  to  four  interceptor  aissile  launch  complexes.  each  lauch  com¬ 
plex  contains  IS  launchers  for  the  AM-1  GALOSH  aissile  for  a  total  of  64 
1 
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(0)  The  OS  Ballistic  Missile  Defense  (BMD)  system,  SAFEGUARD, 
located  at  Grand  Forks,  North  Dakota,  consisted  of  the  necessary  radars 
and  100  launchers  for  30  SPARTAN  and  70  SPRINT  interceptor  missiles.  It 
was  terminated  a*id  inactivated  at  the  direction  of  Congress  after  only  one 
year  of  operation. 

The  actual  numbers  of  ABM  launchers  do  not  present  a  meaning¬ 
ful  graph  to  show  the  trends  of  the  defensive  system  available  to  either 
nation;  rather,  a  comparison  is  made  in  the  following  table:  (U) 


ABM  LAUNCHERS  (U) 


b.  (U)  Anti-Submarine  Warfare  Forces.  Anti-Submarine  War i are 
(ASW)  capabilities  are  important  considerations  in  assessing  the  ex  xctive- 
ness  of  the  SLBM  forces.  Both  the  US  and  USSR  are  confronted  with  te  fact 
that  nearly  three-fourths  of  the  surface  of  the  earth  is  covered  by  ■  he 
oceans.  The  total  land  area  of  the  US  and  USSR  is  equal  to  only  about  ten 
percent  of  this  ocean  area.  If  only  ten  percent  of  the  oce^n  area  ii  avail¬ 
able  and  useful  for  ballistic  missile  submarines  (the  area  determined  by 
the  range  of  the  SLBMs  carried  by  the  submarines),  then  the  ;,-oblem  o:  de¬ 
tection  and  tracking  even  100  submarines  is  immense.  As  a  result,  bo'.i 
nations  have  supported  substantial  research  and  development  programs  di¬ 
rected  toward  solving  the  various  ASW  problems.  The  complexities  of  the 
problem  and  the  various  types  of  resources  used  in  ASW  preclude  a  compari¬ 
son  of  US  and  USSR  capabilities  in  this  document. 

c*  W)  Air  Defense  Forces.  The  most  extensive  strategic  air 
defense  system  in  the  world  is  maintained  by  the  USSR,  and  consists  of 
more  than  12,000  Surface-to-Air  Missile  (SAM)  launchers,  about  3,000  inter- 


ceptor  aircraft,  and  over  6,000  radars  located  at  early  warning  and  ground 
control  intercept  (EW/GCI)  radar  sites.  This  sizable  force  was  generated 
to  counter  the  large  numbers  of  US  bombers.  The  number  of  interceptors 
assigned  to  the  PVO  Strany  (the  Soviet  Air  Defense  Force)  reached  a  peak  of 
about  4,000  in  the  mid-1960s.  It  decreased  at  a  slow  but  steady  rate  to 
2,600  in  1973,  due  to. the  retirement  of  older,  clear-weather-only  fighters 
at  a  faster  rate  than  the  introduction  of  more  advanced  aircraft  armed  with 
air-to-air  missiles  and  an  all-weather  capability.  The  deployment  of  these 
newer  fighters  has  continued  to  increase,  and  the  total  force  is  expected  to 
reach  about  3,100  aircraft  by  i986. 

About  one-third  of  the  present  force  consists  of  pre-1964  air¬ 
craft  IM1G-17  FRESCO-D,  HIG-19  FARMKR-B/E,  and  SU-9  FlSilPOT-B) .  The  re¬ 
maining  two-thirds  are  newer  generation  interceptors  (YAK-28P  FIREBAR,  SU-11 
FISHPOT-C,  TU-128  FIDDLER,  SU-15  FLAGON-A/D/E,  MIC-25  FOXBAT-A,  and  MIG-23 
FL0GGER),  with  the  MIG-23,  SU-1S,  and  Ml  ;-25  fighters  presently  being  de¬ 
ployed  to  PVO  Strany  units. 

The  Soviet  strategic  SAM  forces,  -which  show  a  steady  expansion 
and  improvement,  are  canp03ed  of  four  systems.  These  systems  are  the  SA-1 
GUILD,  the  SA-2  GUIDELINE,  the  SA-3  GOA,  and  the  SA-5  GAMMON.  The  number 
of  older  SA-1  and  SA-2  systems  are  gradually  decreasing  as  the  deployment 
.of  the  SA-3  and  SA-1  systems  increases. 

The  US  sir  defense  system  is  considerably  smaller  than  that  of 
the  USSR.  Some  of  iis  difference  can  be  attributed  to  the  Soviet  reliance 

on  1CBM  and  SLBM  nut .  ear  weapons  delivery  vice  manned  bombers  and  some  of 
it  due  to  decisions  :ased  upon  tight  budget  constraints. 

The  only  active  US  Air  Force  interceptor  dedicated  to  air  de¬ 
fense  is  the  F-106  Dl'.TA  DART  which  entered  service  in  1956.  In  1976  there 
were  114  of  these  fighters  assigned  to  regular  active  squadrons,  with  the 
US  Air  National  Guard  oroviding  an  additional  243  aircraft  to  air  defense 
which  were  90  F-106,  19  F-102  DELTA  DAGGER,  and  134  F-101  VOODOO  aircraft. 

General  pu  .-pose  forces  from  the  Air  Force  Tactical  Air  Command 
(TAC),  and  from  Army,  Navy,  and  Marine  forces  which  have  primary  missions 


219 


ether  than  strategic  air  defense  could  be  used  to  augment  the  above  forces. 
Tne  primary  general  purpose  fighter  used  to  augment  the  interceptor  force 
would  be  the  F-4  PHANTOM  II.  Additionally,  as  F-14  TOMCAT  and  F-15  EAGLE 
fighters  become  more  numerous,  these  highly  sophisticated  and  capable  air¬ 
craft  will  also  be  available. 

By  1975,  all  US  strategic  SAM  forces  had  been  inactivated.  How¬ 
ever,  three  general  purpose  force  SAM  battalions  are  retained  in  Florida  and 
one  in  Alaska  in  a  strategic  role.  These  forces  are  armed  with  N1KE-HERCULES 
SAMs  and  complement  the  interceptor  aircraft  in  these  two  locations. 

2.  (U)  General  Limitations  and  Uncertainties.  The  measures  in  this 
section  only  indicate  numbers  of  SAMs  and  strategic  interceptor  aircraft. 

They  do  not  consider  individual  weapon  system  characteristics  such  as  range, 
altitude  capability,  quidancc  and  control,  etc.  Offensive  system  counter¬ 
measures  which  way  be  employed  against  these  defensive  weapons  are  also  dis¬ 
regarded,  Offensive  strategy  which  accounts  for  defensive  systems  by  tar¬ 
geting  them,  evading  them,  or  using  weapons  against  which  they  may  have 
little  effect  in  their  defensive  areas  way  negate  much  of  their  capability. 
There  is  some  uncertainty  associated  with  the  current  and  past  numbers  of 
Soviet  defensive  weapons,  and  a  greater  degree  of  uncertainty  associated  with 
our  perception  of  future  forces.  There  is  also  uncertainty  relative  to  the 
command  and  control,  warnirg,  deployment,  and  employment  of  the  defensive 
forces. 

3.  Measures  Considered  in  This  Section; 

Strategic  Surface-to-Air  Missile  Launchers 
Strategic  Air  Defense  Interceptor  Aircraft  (U) 


strategic  air  defense  interceptor  aircraft  (U) 


What  it  Measures.  The  number  of  aircraft  assigned  to  a  strategic 
defensive  role  is  totaled.  The  active  US  Air  Force  and  the  combined  US  Air 
Force  and  Air  National  Guard  forces  are  both  depicted.  The  Soviet  aircraft 
are  interceptor  aircraft  assigned  to  the  PVO  Strany  (the  Soviet  Air  Defense 
Force).  (U) 


yf 


i 


(U)  Limitations.  This  measure,  by  counting  the  number  of  stra • egic 
defensive  interceptor  aircraft,  disregards  the  number  of  aircraft  j.:tually 
available  to  fly  missions.  It  also  does  not  consider  aircraft  bast  loca¬ 
tions. 

This  measure  does  not  include  interceptor  force  capabilities  such  as 
range,  fire-control  systems,  weapons,  speed,  and  altitude. 
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This  measure  does  not  include  similar  aircraft  assigned  to  US  tactical 
and  naval  units  and  the  Soviet  Frontal  Aviation  units.  Both  the  United 
States  and  the  Soviet  Union  have  a  significant  number  of  aircraft  capable 
of  fulfilling  an  interceptor  role  but  which  are  assigned  to  tactical  missions. 

This  measure  disregards  any  defensive  measures  which  may  be  employed  by 
the  offensive  forces. 

(U)  Uncertainties.  There  is  ;  *e  uncertainty  associated  with  the  number 
of  current  and  past  Soviet  strategic  defensive  interceptor  aircraft.  There 
is  a  greater  degree  of  uncertainty  associated  with  our  perception  of  future 
Soviet  interceptor  forces. 


STRATEGIC  SURFACE-TO-AIR  MISSILE  LAUNCHERS  (U) 

What  it  Measures.  This  measure  totals  the  number  of  strategic 
Surface-to-Air  Missile  (SAM)  system  launcher  ams/rails.  Hie  us’^igures 
are  for  the  number  of  HIKE  HERCULES  and  BOMARC,  while  the  USSR  figures 
total  the  number  of  SA-1,  SA-2,  SA-3,  and  SA-5  launcher  rails.  (U) 


(U)  Limitations.  This  measure,  by  totaling  the  number  of  launcher  rails 
disregards  the  number  of  systems  actually  available  for  a  defensive  role. 
Either  positioning  (locations)  or  system  status  may  prevent  any  defensive 
use. 

This  measure  does  not  include  SAM  characteristics  such  as  range,  alti¬ 
tude  capability,  guidance,  etc. 
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This  measure,  by  counting  launcher  rails,  disregards  any  reload  capa¬ 
bilities. 

Tliis  measure  also  disregards  any  defensive  measures  employed  by  the 
offensive  forces. 

(U)  Uncertainties.  There  is  seme  uncertainty  associated  with  the  current 
and  past  numbers  of  Soviet  SAM  launchers.  There  is  a  greater  degree  of  un¬ 
certainty  associated  with  our  perception  of  future  Soviet  SAM  forces. 

(U)  Comment.  As  'in  the  case  of  strategic  air  defense  interceptor  air¬ 
craft,  the  large  number  of  US  strategic  bombers  urged  the  development  and 
deployment  of  a  massive  network  of  SAMs  by  the  Soviet  Union.  Various  counter 
measures  by  the  offensive  forces  may  tend  to  lower  any  purely  numeric  ad¬ 
vantage  . 


warhead  yield-to-weight  catability  (a) 

1.  (U)  General.  Reduction  of  warhead  weight  without  a  corresponding  loss 
in  weapon  yield  was  an  early  consideration  in  nuclear  weapon  design  and 
fabrication.  This  consideration  became  acre  important  when  ICBMs  and  SLBKs 
were  developed.  The  multiple  reentry  vehicle  and  multiple  independently 
targetable  reentry  vehicles  wore  outgrowths  of  the  development  of  smaller, 
lighter  warheads.  The  ratio  of  yicld-to-weight  may  he  taken  as  a  measure  of 
the  efficiency  of  nuclear  weapons.  However,  inasmuch  as  some  weight  in  a 
warhead  must  be  devoted  to  non-nuclear  materials  (e.g.,  safing,  arming, 
fuzing,  and  firing  (SAFE)  system),  there  is  some  practical  limit  to  the 
efficiency  of  nuclear  warheads  which  is  below  the  theoretical  conversion  of 
the  entire  mass  of  the  warhead  to  energy.  The  space  and  shajie  available  for 
the  warhead,  which  may  affect  yield,  are  constrained  by  the  reentry  vehicle 
design  and  size.  The  closer  that  a  nation  can  cone  to  the  theoretical 
yield-to-weight  relationship  the  higher  their  state  of  technology  and  the 
more  flexibility  that  nation  may  have  in  warhead  and  reentry  vehicle  design. 

2.  Measure.  This  appendix  addresses  one  such  measure:  Strategic 

* 

Missile  Warhead  Yield-  .  >-Weight  Comparison.  CU) 

a.  (U)  what  it  m.sures.  This  measure  illustrates  the  relationship 
of  warhead  weight  and  yield  for  selected  current  US  and  USSR  strategic 
missile  systems  and  compares  these  to  two  theoretical  limits.  The  measure 
is  thus  an  indication  o:-  the  state  of  the  art  of  nuclear  warhead  technology 
in  currently  deployed  mi-  sile  systems.  The  standard  comparative  graphic 
technique  used  elsewhere  in  this  report  has  not  been  used  for  several  rea¬ 
sons.  A  limited  data  set.  was  available,  and  these  data  are  not  directly 
comparable  because  of  dif  Bering  weapon  yields  and  dates  of  development. 

For  that  reason,  both  ind:vidual  data  points  and  a  fitted  curve  ere  illus¬ 
trated  in  Figure  A-l,  which  is  described  below. 

Th<  figure  was  constructed  by  plotting  wailtead  yield  in  kilotons  as 
a  function  of  warhead  weight .  Dots  (•)  are  used  to  represent  US  warheads 
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and  squares  (•)  to  represent  Soviet  warheads.  A  parabolic  curve  was  then 
fitted  mathematically  to  both  sets  of  data  using  a  least  squares  curve 
fitting  technique.  The  solid  line  represents  the  US  and  the  dashed  line 
the  USSR. 

In  addition,  two  other  lines  are  shown.  One  of  these  represents  an 
estimate  of  warhead  yield-to-weight  relationships  of  a  high  technology  en¬ 
gineering  limit.  The  other  is  predicated  on  the  total  conversion  of  mass 
to  enerqy1  considering  conversion  of  Li6D  at  28.9  KT/lb.  The  current  war¬ 
head  technology  curves  for  both  the  United  States  and  Soviet  Union  arc 
approximately  parallel  to  the  "  technology  engineering  limit"  estimate 
for  the  range  of  comparable  yields. 


1(U)  Potential  Improvements  in  Soviet  Technology  and  Their, Implications  for 
Civil  Defense  (U) ;  System  Planning  Corporation,  May  1975,  pp.  11-19. 
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POPULATION  AND  MANUFACTURING  VALUE  ADDED  <U) 


1.  U:)  General.  This  appendix  addresses  potential  targets  of  the  US  and 
USSR  other  than  military  forces.  A  strategic  attack  by  either  nation  will 
cause  casualties  among  the  civilian  population  and  damage  to  the  economic 
resources  of  the  other  nation  whether  these  were  the  prime  targets  or  not. 
The  number  of  casualties  and  amount  of  damage  will  vary  greatly  with  target 
selection.  Specific  targets  are  not  addressed  and  neither  arc  long  tern 
effects  caused  by  fallout  nor  residual  radiation. 

The  method  of  presentation  discussed  in  Chapter  I,  Section  C,  and  util¬ 
ized  in  most  of  this  report  is  not  used  in  this  appendix.  Rather  the  per¬ 
cent  of  the  US  and  USSR  population  and  Manufacturing  Value  Added  (MVA) '  arc 
displayed  as  a  function  of  the  number  of  cities/urban  areas. 

2.  Potential  Targets.  The  capability  of  nuclear  weapons  to  inflict 
massive  destruction  over  large  areas  such  as  entire  cities  enables  a  nation 
to  potentially  attack  not  only  military  targets  but  also  large  portions  of 
the  civilian  population  and  economic  resources  of  anot:i'r  nation.  (U) 

a.  (U)  population  as  a  Target.  The  percent  of  th!  total  national  pop¬ 
ulation  in  urban  areas  is  one  indication  of  the  population  at  risk  relative 
to  the  si'.e  of  an  attack.  Equating  cities  to  targets  a  \1  comparing  the  per¬ 
cent  of  population  relative  to  the  number  of  cities  (i.e.,  targets)  provides 
a  measure  of  the  potential  casualties. 

Figure  B-l,  percent  of  Population  Versus  Number  .f  Cities,  is  a 
graphic  representation  of  the  population  in  the  1,003  ma  t  populous  cities 
in  both  the  US  and  the  USSR  based  upon  the  1970  Census  of  Population  pro¬ 
jected  to  197S.  The  projections  considered  such  factors  as  rate  of  growth 
and  migration. 

* Manufacturing  Value  Added  (MVA)  is  defined  as  the  output  value  of  an  in¬ 
dustry  minus  the  value  of  materials,  utilities,  and  other  services  in¬ 
cluded  in  the  product  or  consumed  during  production. 
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Further,  the  Measure  does  not  consider  defensive  or  protective 
Measures  which  nay  be  taken.  In  addition,  many  of  the  urban  areas  in  both 
countries  are  directly  at  risk  due  to  their  proximity  to  strategic  nuclear 
forces  or  other  solitary  installations  which  nay  be  targeted. 

Figure  B-2,  Area  with  kespoct  to  Number  of  Cities,  compares  the 
total  land  areas  of  the  250  most  populous  cities  in  the  US  and  Soviet  Union. 

Figure  B-3,  Distribution  of  population  with  Kcspcct  to  Area,  com¬ 
pares  the  percent  of  the  national  population  in  the  250  most  populous  cities 
with  uic  total  area  of  those  cities. 


Figure  B-2.  Area  with  Respect 
to  Number  of  Cities 


Figure  B-J.  Distribution  of 
Population  with  Acspect  to  Area 
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Depending  upon  weapon  yield,  many  of  the  larger  cities  in  both 
countries  would  require  that  multiple  weapons  be  used  against  them.  Even 
with  this  fact,  due  to  the  large  number  of  multimegaton  ICBM?  in  the  Soviet 
inventory,  the  USSR  could  hold  at  risk  more  than  50%  of  the  US  populat .on 
with  approximately  250  weapons.  (An  average  of  about  four  1.0  MT  or  larger 
warheads  against  each  of  60  cities.)  For  the  US  to  attack  50%  of  the  Soviet 
population,  it  would  require  over  1,000  weapons. 

b.  Manufacturing  Capa&llitv  as  a  Target.  The  ability  of  a  nation 

to  recover  from  a  nuclear  attack  and  return  to  a  position  of  world  prominence 
is  also  at  risk.  Figure  B-4  indicates  that  both  countries  have  the  capa¬ 
bility  of  attacking  over  two-thirds  of  the  total  Manufacturing  Value  Added 
(MVA)  of  the  other  country  by  targeting  200  or  less  cities.  (U) 

(U)  Although  KVA  is  an  economic  indie  iter  of  industrial  capacity,  it 
has  limitations  in  that  it  includes  the  manufacturing  of  coasodities  such  as 
apparel,  toys,  and  soaps,  along  with  those  industries  associated  with  military 
and  essential  civilian  production.  The  distribution  of  HVi,  however,  pro¬ 
vides  a  measure  of  the  number  of  cities  which  must  be  considered  as  potential 
targets  in  order  to  minimize  industrial  recovery. 

(U)  The  ranking  of  the  urban  areas  with  respect  to  MVA  is  not  neces¬ 
sarily  in  the  same  order  as  that  with  respect  to  population,  put  ticularly  in 
the  highest  ranking  cities.  When  the  sample  of  urban  areas  bec:*es  large 
(approximately  100),  however,  the  same  areas  are  included  both  .  ^  the  set  for 
population  as  well  as  for  KVA. 

(U)  This  measure,  being  the  am  of  KVA  within  a  city  or  urban  area, 
does  cot  consider  the  dispersion  of  industry  within  the  geographic  area.  The 
industrial  capability  may  be  concentrated  in  a  small  pert  of  the  city  or 
spread  out  over  a  relatively  large  area.  Also,  there  is  no  indication  of  the 
suscepcibility  of  the  industries  to  nuclear  effects  in  terms  of  hardness, 
etc. 
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Figure  h—  Percent,  of  Manufacturing  value  Added  (KVA) 

•  1th  Respect  to  Urban  Areas,  1976*  (U) 

*<U)  Urban  areas  1:3  defined  as  standard  Metropolitan  statistical  areas  for 
the  US.  In  the  VS.'-x,  an  urban  area  is  defined  as  an  economic  industrial  con¬ 
centration  center. 

CC)  Current  estimates  of  KVA  for  the  US  have  an  uncertainty  or  stand¬ 
ard  error  of  approximately  2%  according  to  tin  Annual  Survey  of  Manufactures 
1976.  the  USSR  value's,  however,  are  probably  less  reliable. 

(U)  As  indicated  above,  there  is  no  differentiation  between  the  pro¬ 
duction  of  weapons  and  the  production  of  itaas  for  civilian  use.  However,  the 
Measure  does  indicate  that  both  nation’s  industry  is  highly  centralised  about 
a  relatively  few  cities  with  70%  or  aore  of  the  KVA  attributed  to  200  cities. 


<U)  APPENDIX  C 


TARGET.-  •  G  UNCERTAINTIES 


I.  General.  In  order  to  assess  the  probability  of  hitting  a  target  using 
guided  missile  technology,  one  must  have  three  categories  of  information: 

•  the  relative  position  of  the  target  with  respect  to  the  launcher, 

•  the  gravitational  effects  along  the  flight  path,  and 

•  the  performance  criteria  associated  with  the  guidance  system  of 
the  missile. 

It  is  the  intent  of  this  appendix  to  explain  some  of  the  uncertainties  asso¬ 
ciated  with  launcher  and  target  positions  which  are  used  as  inputs  into  the 
guidance  system  of  the  missile.  From  these  positions  along  with  a  precise 
gravity  model,  factors  such  as  launch  angle,  thrust,  fuel  required,  vehicle 
reentry  angle,  and  other  trajectory  parameters  are  computed  in  order  to  guide 
the  missile  to  its  target.  Hardware  accuracies  associated  with  the  guidance 
system  itself  are  considered  beyond  the  scope  of  this  appendix. 

The  relative  position  of  the  target  with  respect  to  the  launch  site  is 
required  for  trajectory,  range,  and  direction  computations.  There  are  un¬ 
certainties  associated  with  the  launch  position  itself,  the  reference  system 
used  (an  ellipsoid  of  revolution) ,  and  the  position  of  the  target.  Both  the 
launch  site  and  the  target  must  be  positioned  with  respect  to  the  same 
reference  system  in  order  to  accurately  compute  range  and  direction.  There¬ 
fore,  any  errors  associated  with  any  one  of  the  three  components  (i.e., 
launch  site,  target  position,  and  reference  system)  will  increase  the  circu¬ 
lar  error  probable  (CEP)  and  probability  of  missing  the  target.  Figure  C-l 
shows  the  interrelationships  of  these  entities. 


Figure  C-l.  Relationships  of  launch  Site.  Target. 

Position  and.  Global  Reference  Systea 

2.  Launcher^Fositf on .Uncertainties. 

a.  Land-Based -Launchers .  The  accuracy  of  land-based  launch  site  positions 
with  respect  to  a  reference  system  is  dependent  upon  several  factors: 

•  the  density  and  geometry  of  the  survey  net  around  the 
launch  site  itself. 

•  the  precision  of  the  equipment  used  for  the  survey  eeastie- 
ments,  and 

•  the  accuracy  of  the  geodetic  control  points  used  in  the 
survey  data  reduction  and  adjustment  calculations. 

In  strategic  weapon  considerations,  these  land-based  launch  sites 
are  considered  fairly  well  determined  and  have  a  circular  error  probnole 
(CEP)  of  a  few  feat  with  respect  to  the  reference  system  used.  Currently, 
the  reference  system  used  by  the  OS  for  launcher  and  target  positions  is 
the  World  Geodetic  System  1972  (WGS72) . 

b.  Sea-Based  Launchers.  Sea-based  launch  sites  present  greater  problems 
with  respect  to  position  than  land-based  sites.  Current  navigation  tech¬ 
niques  employ  Doppler  satellites  in  order  to  determine  positions  on  MGS72. 

This  requires  a  recent  satellite  pass  in  order  to  assess  a  ship's  position 
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with  any  degree  of  accuracy.  Today's  navigation  satellites  can  be  observed 
from  any  given  point  in  the  ocean  aret-s  approximately  every  ninety  minutes. 
Between  passes,  a  submarine  may  move  a  significant  distance  from  the  loca¬ 
tion  determined  from  the  previous  satellite  pass.  In  these  cases  the  current 
position  of  the  ship  is  dependent  upon  the  navigation  hardware  (accelerometers, 
gyroscopes,  etc.)  contained  in  the  vessel.  When  the  nest  navigation  satel¬ 
lite  passes,  the  ship's  position  may  be  updated  or  corrected. 

3.  Target  Position  Uncertainties.  The  position  of  a  target,  however,  is 
more  difficult  to  determine  than  that  of  the  launcher  due  to  the  lack  of 
accurate  survey  data  in  the  area  of  the  target.  For  strategic  purposes  and 
for  many  tactical  artillery  applications  where  launcher  and  target  are  not 
connected  by  conventional  ground  surveys,  phot ogramme trie  techniques  have 
been  developed  to  provide  coordinates  for  unknown  positions  on  the  common 
reference  system  (WGS72) .  From  an  airborne  station,  a  series  of  overlapping 
photographs  are  obtained  producing  stereoscopic  pictures  which  are  used  for 
reconnaissance,  planning,  and  target  positioning.  Land. points  are  identi¬ 
fied,  measured  directly  on  the  photographs  (in  microns) ,  and  are  used  to¬ 
gether  with  the  camera  parameters  (height  above  ground  and  attitude  angles) 
to  derive  the  position  of  the  points  on  the  ground.  Uncertainties  in  these 
positions  derived  through  photogrammetry  may  be  attributed  to  camera  fac¬ 
tors  and  external  p‘i  inane na.  Factors  which  introduce  uncertainty  pertaining 
to  the  camera  are» 

•  lens  distort  it  ns, 

e  spectral  sensitivity  of  the  film, 

•  focus  of  the  .'.*ns  system, 

•  the. position  c 2  the  camera  i:  its  flight  path, 

•  the  tilt  angle!  of  the  camera  at  the  instant  the  photogtaph  is  ex¬ 
posed. 

External  to  the  camera  itself,  other  factors  or  phenomena  may  contribute  to 
the  reliability  of  the  target  positions.  Among  these  aret 

•  -atmospheric  refraction  (which  bends  the  light  ray  paths). 


•  lack  of  control  positions  on  which  to  base  the  photograw&etric  adjust¬ 
ments, 

•  the  ruggedness  of  the  terrain  being  photographed. 

In  general,  the  flatter  the  terrain  is,  as  in  a  desert,  the  more  accurate 
are  the  coordinates  of  a  point  derived  through  phot ogramme trie  techniques. 

It  is  sore  difficult,  however,  to  accurately  measure  on  a  photograph  a  tar¬ 
get  in  mountainous  areas  due  to  the  resolution  of  the  film  itself.  In  this 
case,  uncertainties  increase  in  the  position  of  the  target,  especially  in 
the  vertical  component. 

The  uncertainties  associated  with  relative  target  positions  are  greater 
in  strategic  missile  cases  than  they  are  in  tactical  considerations  due  to 
the  longer  range  between  the-  launch  site  and  the  target.  In  the  tactical 
cases  where  launcher  and  target  positions  arc  relatively  close  together,  a 
photogradmetric  data  base  may  provide  a  high  degree  of  reliability  with  re¬ 
spect  to  range  and  direction^  Since  launcher  and  target  may  appear  either 
on  the  same  pail  of  stereo  photographs  or  on  nearby  exposures,  the  associated 
error  is  net  allowed  to  accumulate  and  the  relative  positions  of  the  two  arc 
considered  more  reliable. 

■4.  Missile  Slight  Profile -Uncertainties. 

a.  Gravitational.  In  addition  to  position  and  reference  system  un¬ 
certainties,  the  gravity  model  which  is  used  to  compute  the'  flight  path  for 
the  missile  also  may  have  errors  which  will  decrease  the  probability  of 
hitting  the  target.  A  representation  of  this  concept  is  shown  in  Figure  C-J. 
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When  a  ball  is  thrown  into  the  air,  it  will  eventually  fall  due  to  the 
gravitational  attraction  of  the  earth.  Its  path  depends  on  the  direction 
and  power  of  the  throw,  which  is  overcome  by  the  force  of  gravity.  Like¬ 
wise,  the  path  of  a  missile  depends  upon  the  direction  and  power  of  the 
thrust,  which  also  is  eventually  overcame  by  gravity.  Any  errors  in  the 
gravity  model  used  will  deflect  the  missile  on  its  path  to  the  target.  Dur¬ 
ing  flight  the  missile  is  also  subjected  to  known  and  unknemm  dense  masses 
and  may  be  pulled  out  of  its  computed  trajectory,  thus  missing  its  target. 

b.  Other  factors.  Although  the  previous  paragraphs  explain  three  major 
areas  contributing  to  targeting  uncertainty,  other  factors  also  contribute 
to  the  probability  of  hitting  a  target.  Some  of  these  include  atmospheric 
turbulence  along  the  flight  path,  the  design  of  the  missile  itself,  and  air 
drag  factors  which  are  difficult  to  model.  There  are  computer  programs 
currently  available  which  simulate  these  conditions  and  provide  the  analysts 
with  an  assessment  of  the  error  attributed  to  each  type  of  variable.  From 
these  results,  modifications  to  the  missile  itself  or  early  flight  path 
corrections  may  be  performed  to  reduce  the  probability  of  missing  the  target 


STRATEGIC  ARMS  LIMITATIONS  AGREEMENTS  (U) 


1.  (U)  General.  The  treaties,  agreements,  and  understandings  between  the 
United  States  and  Soviet  Union  on  strategic  weapons  have  been  used  in  this 
report  as  a  basis  for  present  and  future  strategic  projections.  To  date, 
the  aost  instrumental  agreement  in  Uniting  strategic  nuclear  forces  is 
SALT  I,  which  consists  of  the  ABM  Treaty,  and  the  1972  Interim  Agreement  and 
its  Protocol.  Additionally,  the  Protocol  to  the  ABM  Treaty  was  also  signifi¬ 
cant  in  limiting  strategic  defensive  systems.  The  understandings  reached  at 
the  Vladivostok  summit  were  important  in  providing  a  framework  for  the  con¬ 
vening  of  SALT  II.  Collectively  these  agreements  have  had  a  significant 
effect  on  the  development  of  strategic  nuclear  forces  in  both  the  Untied 
States  and  Soviet  Union.  In  addition  to  these  treaties,  there  have  been 
some  other  agreements  and  treaties  signed  by  the  United  States  and  Soviet 
Union  which  have  further  influenced  nuclear  force  programs  in  both  countries. 
These  are  the  Limited  Test  Ban  Treaty,  Threshold  Test  Ban  Treaty  and  its 
Protocol,  and  the  Underground  TNE  Ban  Treaty  and  its  Protocol.  The  aost 
relevant  provisions  of  these  treaties  are  outlined  in  paragraph  2. 

2.  (U)  The  Treatie;  and  Agreements. 

a.  The  ABM  Treat . .  The  1972  ABM  Treaty  was  signed  at  Moscow  hy  Presi¬ 
dent  Richard  M.  Nikon  »nd  General  Secretary  L.  I.  Brezhnev  or.  May  29,  1972 
and  was  entered  into  :  ■  >rce  on  October  3,  1972. 

The  full  title  and  key  provisions  are  given  below: 

TREATY  BETWEEN  THE  UNITED  STATES  OF  AMERICA  AND  THE  UNION  OF  SOVIET 
SOCIALIST  REPUBLICS  O.i  THE  T.IKITATIUNS  OF  ANTI-BALLISTIC  MISSILE  SYSTEMS 

•  The  United  Slates  and  the  Soviet  Union  are  each  limited  to  two 
ABM  sites,  the  treaty  permits  each  side  to  deploy  one  ABM  site 
about  its  capital  and  another  about  an  I CBM  launch  site. 

•  The  two  sites  are  to  be  at  least  1,300  KM  apart  and  so  configured 
as  to  prevent  the  possibility  of  a  regional  or  a  nationwide  de¬ 
fense  system. 
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•  At  -  ach  sit*  there  are  to  be  t.o  more  than  ICO  launchers  and  IOC 
Interceptor  nissi  lt-s .  The  nunbers  and  characteristics  of  radars 
are  also  liaited. 

•  Qualitative  improvements  of  ABh  technology  arc  to  be  limited.  The 
treaty  further  prohibits  improvement  in  surface-to-air  missiles 
(SAHs)  and  their  radars  to  preclude  deployment  against  ICUMs  and 
SLBMs. 

b.  The  Interim  Agrcccont  and  Protocol.  The  1972  Interim  Agreement  and 
its  Protocol  were  signed  at  Moscow  by  President  Richard  M.  Kixon  and  General 
Secretary  L.  X.  Brezhnev  on  May  26,  1972  and  were  entered  into  force  cm 
October  3,  1972. 

The  full  titles  and  key  provisions  arc  given  below: 

INTERIM  AGREEMENT  BETWEEN  THE  UKITFD  STATES  OR  A  {ERICA  hi  ID  THE  UNION 
OF  SOVIET  SOCIALIST  lEpUBLICS  ON  CERTAIN  MEASURES  WITH  RESPECT  TO  THE 
LIMITATIONS  Of  STRATEGIC  OFFENSIVE  ARMS 

and 

PROTOCOL  TO  THE  INTERIM  AGREEMENT  BETWEEN  THE  UNITED  STATES  Of  AMERICA 
AND  THE  UNION  OF  SOVIET  SOCIALIST  REPUBLICS  05  CERTAIN  MEASURES  WITH 
RESPECT  TO  THE  LIMITATIONS  OF  STRATEGIC  OFFENSIVE  ARMS 

•  The  Interin  Agreement  is  to  renain  in  effect  for  5  years,  unless 
superceded  earlier  by  a  more  coagireiiensive  agreement. 

•  No  new  construction  of  I  CBM  launchers  shall  be  undertaken  after 
July  1,  1972. 

•  There  shall  be  no  conversion  cf  "light*  ICBHs  to  "heavy"  ICSMs. 

•  Modernization  and  replacement  of  JCBMs  is  permitted,  but  in  this 
process,  the  dimensions  of  the  silo  cannot  be  significantly  in¬ 
creased  Clo-15%  allowable) . 

•  No  new  construction  of  SIMM  launchers  or  SIMM-capable  submarines 
shall  be  undertaken  after  the  date  of  signing  with  the  exception 
that: 

The  US  may  increase  to  a  ceiling  of  710  SLBM  launchers  and 
<4  ballistic  missile  submarines  from  656  SEEK  launchers  and 
41  ballistic  missile  submarines:  by  replacing  54  older  (pre- 
1964)  I  CBM  launchers. 

The  USER  may  increase  to  a  ceiling  of  950  SUM  launchers  and 
62  ballistic  missile  submarines  from  74C  launchers  and  43 
ballistic  missile  submarines  by  replacing  older  (pre-1964) 

I CBM  launchers. 
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c.  The  ACM  Protocol.  The  Protocol  to  the  1972  ABM  Treaty  was  signed 

at  Moscow  by  president  Richard  H.  Kixon  and  General  Secretary  L.  I.  Brezhnev 
on  July  3,  1974  and  was  entered  into  force  on  May  24.  1976.  This  Protocol 
further  restrained  deployment  of  strategic  defensive  arnaaents. 

The  full  title  and  key  provisions  are  given  below: 

PROTOCOL  TO  THE  TREATY  BETWEEN  THE  UNITED  STATES  OF  AMERICA  AMD  THE 
UNION  OF  SOVIET  SOCIALIST  REPUBLICS  ON  THE  LIMITATIONS  Or  ANTI -BALLISTIC 

MISSILE  SYSTEMS 

•  The  United  states  and  the  Soviet  Union  are  each  limited  to  one  ABM 
site.  (This  is  a  reduction  fro*  the  two  sites  permitted  in  the 
ABM  treaty  proper.) 

•  Only  one  change  is  permitted  in  the  location  of  the  ABM  site. 
Advanced  not!  :e  mist  be  given,  and  only  in  a  year  in  which  a 
review  of  the  ABM  Treaty  is  scheduled.  The  first  review  year 
begins  on  October  3,  1977  and  is  scheduled  every  5  years  there¬ 
after. 

d.  The  Vladivostok  Suomi t.  During  their  renting  at  Vladivostok,  Presi¬ 
dent  Gerald  k.  -Ford  and  General  Secretary  L.  X.  Brezhnev  agreed  in  principle 
upon  the  general  terms  which  would  fora  a  basis  for  further  strategic  airs 
limitations  negotiations.  These  terms  were  made  public  in  the  fora  of  a  joint 
United  sutei-sorict  statement  on  November  24,  1974.  The  final  numbers,  given 
here  in  parenthesis,  were  released  at  a  later  date. 

The  full  it  le  and  the  key  previsions  are  given  below. 

VLADIV ITTOK:  LIMITATION  OF  STRATEGIC  OFFENSIVE  ASMS 
JOINT  UNITED  STATES-SOVIET  STATEMENT 

•  The  Un:  ed  States  and  the  Soviet  Union  reaffirm  their  intentions 
to  conclude  a  new  agreement  on  the  limitation  of  strategic  offen¬ 
sive  ars.  The  new  agreement  will  incorporate  the  relevant  pre¬ 
visions  of  the  Interim  Agreement  of  May  26,  1972. 

’•  The  new  agreement  will  cover  the  oeriod  from  October  1977  through 
December  31*  1965. 

•  Strategic  nuclear  delivery  vehicles  will  be  limited  to  a  certain 
aggregate  maber  (2400). 

•  The  number  of  ICBns  and  SLBMs  equipped  with  multiple  independently 
targe  table  warheads  will  be  limited  to  a  certain  aggregate  number 
11320). 

•  Mixing  of  ICS Ms,  SLBMs,  and  bombers  under  the  overall  ceiling  on 
launchers  is  permitted. 


•  there  trill  be  no  new  1CBM  silos  or  other  fixed-site  ICSH  launchers 
allowed. 

•  There  will  be  no  conversions  of  "light"  ICBMs  to  "heavy"  ICSMs. 

e.  The  Limited  Test  Ban  Treaty.  The  limited  Test  Ban  Treaty  was  signed 
at  Moscow  on  August  5,  1963  at  the  ministerial  level*  and  was  entered  into 
force  on  October  10*  1963. 

The  full  title  and  hey  provisions  ate  given  below: 

treaty  banning  NUCLEAR  weapon  tests  in  the 

ATMOSPHERE,  IN  OUTER  SPACE  AND  UNDER  JZTER 

•  The  parties  to  the  treaty  will  not  conduct  any  nuclear  weapon 
test  explosions*  of  any  'ther  nuclear  explosions  in  the  atmos¬ 
phere,  outer  space,  or  under  water,  - 

•  The  treaty  is  of  unlimited  duration,  with  provisions  for  amend¬ 
ment  and  withdrawal. 

t.  Threshold  Test  Man  Treaty  and  protocol.  The  1974  Threshold  Test  Ban 
Treaty  <TTBT)  and  its  Protocol  were  signed  at  Moscow’ oy  President  Richard  M. 
Mixon  and  General  Secretary  L.  1.  Brezhnev  os  July  3,  1974. 

The  full  titles  and  key  provisions  are  given  below: 


TREATY  BETWEEN  THE  UNITES  STATES  Of  AMERICA  AM*  THE 
•UNION  OF  SOVIET  SOCIALIST  REPUBLICS  CIS -THE  LIMITATION 
OF  UBOERGBOUHD  NUCLEAR  WEAPON  TESTS 

and 

PBnOGOL-TO^TlS  TREATY  BETWEEN  THE  UNITED  STATES  OF  AMERICA 

ANU  THE  UNION  OF  SOVIET  SOCIALIST  REPUBLICS  ON  TIM  LIMITATION 
_  OF  tMBERQKWND  NUCLEAR  WEAPON  TESTS 

•  Underground  nuclear  weapon  tests  exceeding  a  yield  of  ISO  kilo- 
tons  are  prohibited,  effective  March  31.  1976. 

•  Compliance  to  the  provisions  will  be  assured  through  national 
technical  means  of  verification. 

•  Underground  nuclear  explosions  for  peaceful  purposes  are  exempt 

v  from  the  provisions  of  this  Treaty. 

•  This  Treaty  will  remain  in  force  for  a  period  of  S  years,  un¬ 
less  succeeded  earlier  by  a  more  comprehensive  agreement. 


•  Certain  technical  data  shall  be  exchanged  on  the  geology  and 
geography  of  nuclear  weapons  tests  to  assist  verification  of 
yields  by  national  technical  scans. 

•  A  separate  understanding  between  the  parties  was  concluded,  which 
■ade  provisions  for  occasional  and  unintentional  violations  of 
the  Treaty. 


g.  Underground  BC  Ban  Treaty  and  Protocol.-  The  Underground  USE  San 
Treaty  and  its  Protocol  were  signed  in  Washington  and  Moscow  on  Hay  28.  1976 
by  President  Gerald 'Ford  and  General  Secretary  L.  I.  Brezhnev. 

The  full  title  and  key  provisions  are  presented  below: 

TREATY  B ETWEES  THE  UNITED  STATES  OF  AMERICA  AMD  tV£ 

UMOB  OF  SOVIET  SOCIALIST  RETUBUCS  MSP  PROTOCOL  TO 
THE  TREATY  OK  CHDtJIGRO’JKD  NUCLEAR  EXRLCS10KS  PCR  PEACEFUL  PURPOSES 

•  Incorporating  the  terns  of  the  test  ban  treaty,  the  parties  have 
also  agreed:  not  to  conduct  individual  explosions  having  a  yield 
in  excess  of  150  kilotcos;  not  to  carry  out  any  group  explosion 
having  an  Aggregate  yield  exceeding  1.500  kilotons:  not  to  carry 
out  any  group  explosion  having  an  aggregate  yield  exceeding  150 
kilotons  unless  the  individual  explosions  in  the  grouo  could  be 
identified  and  seas  used  by  agreed  verification  procedures. 

•  The  parties  are  permitted  to  conduct  peaceful  nuclear  explosions 
in  the  territory  of  another  country  if  requested,  but  only  if 
consistent  with  the  terns  cf  tl.s  Son-proliferation  Treaty. 

•  Intonation  and  access  to  sites  of  explosion:  will  he  provided 
by  each  side. 

•  Provisions  for  the  rights  and  functions  of  cfc ervers  are  set 
forth  in  detail. 

•  The  Protocol  addresses  the  procedures  to  be  followed  during  the 
observation  process,  to  include  certain  ueces:-iry  privileges  and 
wsitics  granted  to  observer  personnel. 

3.  Force  Licit*  and  Actual  levels.  The  trSles  which  follow  show  the 

1972  Interin  Agrees*  nt  linits  And  the  limits  suggested  at  .*ladivostok  on 
the  win  1 1  and  types  of  delivery  vehicles.  (0) 
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dcjuvatic*  of  romaus 

1.  General,  this  appendix  considers  the  derivation  of  several  im¬ 
portant  xornulas — Equivalent  Megatons.  Single-Shot  Probability  of  Kill, 
Counter  Military  Potential,  and  Bard  Target  Kill  Capability. 

2.  Derivations. 

a.  Equivalent  HgtteM.  Yield  is  related  to  the  amount  of  damage  that 
could  be  done  to  an  urban-industrial  target  by  a  weapon.  Yield,  boicever,  is 
directly  proportional  to  blast  volane  and  not  to  the  area  affected  by  the 
blast  wave  on  the  earth’s  surface  (see  Figure  £-1).  That  is,  in  order  to 
have  a  am  valid  Measure  of  urban-industrial  damage,  it  is  necessary  to  re¬ 
late  yield  to  area  of  damage. 


Since  the  yield  (y)  is  proportional  to  the  blast  volar*  and  the 
blast  volume  is  proportional  to  the  blast  radius  (a)  cubed,  .  t  follows 
that  yield  is  proportional  to  the  blast  radius  cubed. 

Y  «  *3. 

This  relation  then  allows  the  blast  radius  to  be  expressed  in  terns 
of  yield: 


The  blast  area  (A)  is  related  to  blast  radius  by  the  standard  area 


famula-i.e. , 


A  ■  *  K  . 


Combining  equations  (1)  and  (2), 

A  «  R2  «  (y1/3l2. 

Thus,  the  blast  area  is  proportional  to  the  yield  to  the  two- thirds 


Blast  Area  •nrJ 

where  K  is  a  proportionality  constant. 

The  constant  K  is  dropped,  and  when  yield  is  expressed  in  segatons, 
the  neasure  is  called  Equivalent  Megatons. 

ear  *  y2/3. 

Hotel  Because,  except  for  a  few  large  cities,  yields  in  the 
•egatoo  class  can  easily  exceed  the  target  sir*,  a 
saaller  exponent  is  often  used  for  these  large  weapons. 

This  is  an  atteopt  to  discount  the  blast  region  be¬ 
yond  tliv  target  uea. 

b-  Single-shot  Prtl  ability  of  Kill.  When  calculating  the  probability 
of  destruction  of  a  bar:  target,  it  is  assumed  that  the  warheads  fall  in  a 
circular  norwal  distrib  i  :ion  about  the  target.  Mathematically,  this  is 
expressed  at: 


where:  r  is  the  radius  fson  the  target 
and  a  is  a  constant  which  specifies  tlv 
Spread  of  the  distribution. 

St  is  further  attuned  that  the  warhead  has  a  "cookie-cutter"  desage 
fraction.  That  is.  if  the  warhead  lands  within  the  lethal  radius  (LX)  of 
the  target,  as  determined  by  the  yield  of  the  weapon  and  the  hardness  o' 


Equation  (4)  becomes  then: 


Ps  »  e 


-In  (2 )  CMP  (h/16) 


Finally,  the  single  shot  probability  of  kill  (P^)  is: 


P.  *  1  -  P 
k  s 


Pk  «  1  -  e 


-ln(2)CMP(h/16) 


P.  ■  1  -  0.5 
k 


(CKP/(h/16)2/3) 


Note:  There  are  many  other  factors  in  determining  the  probability  of  hard 
target. kill — e.g.,  shape  of  target,  whether  the  target  is  vulnerable 
to  overpressure  or  dynamic  pressure,  duration  of  the  blast  wave,  etc. — 
which  were  not  considered  here. 


c.  Counter  Mi iltary  Potent j al .  Counter  Military  Potential  (CMP)  is 


defined  as: 


The. usefulness  of  this  formulation  as  a  measure  of  counter-forci  damage 
potential  can  be  seen  by  considering  the  following: 


Given  a  target  with  a  hardness  hQ  and  two  weapons  to  be  i sed  against 


it  (detonated  sufficiently  far  apart  in  time  so  as  to  exclude  fr.::ricide)  with 


yields  of  Y^  and  Y2  and  accuracies  of  CEP^  and  CE?2 ,  respectively ,  then • the 


probability  of  the  target  surviving  each  weapon  separately  is  as  follows: 


,  .  .-’'V  . 

S1 


P  «  e~9(V  Va/3/CEP2  . 


J 


The  probability  that  the  target  will  survive  both  weapons  (P  )  is: 


Ps  Ps 
1  s2 


.(e"9<VYl/3/CEPJ)(e-9<ho>V2/5/CEP2) 


e-g  (h0)  '.y2/3/cep2  +  Y2/3/CEP2) 


CHfj  =  Y^/CEP2 


Q,P2  *  Y2/3/CEP2  ' 


p  .e-gtt0)(d»i  +  a»2) 

s 


Thus  the  advantage  of  CMP  is  that  a  simple  summation  of  CMP  values 
can  be  used  to  determine  the  probability  of  Kill  (P^  ■  1  -  Pfi)  of  a  target 
against  which  multiple  warheads  are  used.  In  a  rough  sense,  therefore',  the 
more  total  CMP  a  force  has  the  greater  is  its  potential  for  destruction  of 
hard  targets. 


NOTE:  It  is  an  unfoi  ■  unate  result,  blit  a  necessary  one  in  terms  of  probability 
functions,  that  CMP  tinds  to  infinity  as  the  accuracy  becomes  greater  and 
greater— i.e. ,  as  CEP  tends  to  rero.  This  is  not  a  problem  when  CMP  values 
are  used  in  determining  the  probability  of  destruction  of  a  single  target. 
However,  in  the  sense  that  CM?  as  a  measure  is  used— i.e. ,  the  potential 
of  multipie  weapons  against  multiple  targets— the  inclusion  of  even 
a  single  weapon  with  great  accuracy  can  cause  total  CMP  values  to  overstate 
the  real  destructive  espability  of  a  group  of  weapons  as  a  whole. 


d.  Hard  Target  KIaI  Capability.  Hard  target  Kill  capability  is  an  ex¬ 
pected  value  in  the  mathematical  sense.  That  is,  if  the  number  of  weapons 
available  and  the  probability  of  kill  for  each  are  Known,  then  it  is  expected 
that  a  certain  number  of  targets  will  be  destroyed. 


y . 

•  *  **  '/* ' 


For  instance,  given  N  »  100  weapons  with  -  0.9  probability  of 
arrival  and  detonation  and  probability  of  kill  p^  ■  0.5,  then  it  is  expected 
— i.e.,  if  the  experiment  could  be  repeated  many  times  then  the  mean  average 
result  would  be— that  90  weapons  will  arrive  and  that  of  those  arriving,  45 
will  each  destroy  a  target. 

That  is: 

Arriving  weapons  *  t!  x  *  (100)  x  {0.9}  *  90. 

Targets  Destroyed  »  (Arriving  Weapons)  x  P^  =  (90)  x  (0.5)  *  45. 
This  could  have  been  done  all  at  once  as: 

Targets  Destroyed  *  N  x  P  x  P,  »  (100)  x  (0.9)  x  (0.S)  *  45. 

d  K 

If  there  are  a  number  of  weapon  systems,  then  they  are  summed. 

#  of  Systems 

So  that:  Hard  Target  Kill  Capability  *  C  “  £  ^i^a  Pk 

i«=l  “i  i 

where:  *  number  of  weapons  in  the  ith  system, 

P  =  probability  of  successful  arrival  and 

®i  ^ 

detonation  of  the  i  weapon  system. 


P.  =  single  shot  probability  of  kill  of  the 

Ki  ,th 

i  system. 


TACTICAL  /THEATER  NUCLEAR  FORCES  (U) 


1.  (U)  Introduction.  This  appendix  addresses  tactical/theater  nuclear- 

capable  forces.  A  comparison  of  tactical/theater  nuclear  forces  is  much 
more  difficult  than  one  of  strategic  forces.  Force  structure,  planning, 
tactics,  and  force  posture  all  interact  to  dictate  the  number  and  types  of 
nuclear  systems  to  be  developed  and  deployed.  A  force  which  is  considered 
to  be  primarily  defensive  in  nature  may  lean  toward  smaller  yield  shorter 
range  weapons,  whil^  a  force  which  is  designed  for  the  offensive  may  tend  to 
have  longer  range,  larger  yield  weapons. 

To  corpare  the  total  inventories  of  U£  and  USSR  tactical/ theater  nuclear 
forces  tends  to  ignore  the  deployment  of  these  forces.  The  USSR,  while 
mainly  deployed  in  the  Soviet  Western  Military  Districts  and  the  Warsaw 
Fact  nations,  has  an  appreciable  amount  of  its  forces  deployed  along  the 
Sine-Soviet  border.  On  the  other  hand,  the  US,  which  is  also  heavily  de¬ 
ployed  in  the  European  theater,  maintains  considerable  forces  in  the  US  and 
the  Pacific. 

While  all  of  the  forces  Of  either  nation  could  conceivably  be  deployed 
to  a  single  theater,  it  is  highly  unlikely  that  this  would  ever  occur. 

Additional  difficulties  are  encountered  in  any  compar.  on  of  tactical/ 
theater  nuclear  forces.  Some  of  these  are: 

•  How  many  warheads  are  associated  with  each  delivery  lystem? 

•  Arc  there  reloads  readily  available? 

•  Does  every  individual  delivery  system  which  is  nuclt.ir-capabr e  have 
weapons  assigned  to  it? 

•  Are  all  variants  of  a  given  system  nuclear-capable? 

•  What  jure  the  characteristics  of  the  system? 

•  For  systems  which  have  both  a  conventional  and  a  nuclear  capability, 
are  the  system  characteristics  the  same  in  either  role? 

•  What  are  the  characteristics  of  the  nuclear  warhesd? 

F-l 


\ 


,  i .  / 


?*  — Stat-^  The  US  »  *  tactical/theator  nuclear  weapon, 

IlTdsLf  Sh^lran9e  SUrfaM“t‘>*Surface  ^silas.  artillery,  surface-to- 
missiles,  baths,  and  Atomic  Demolition  Munitions  (ADM) . 

charLSf  Uni°n'  TnC  U$SR  inVCnt0r>'  iS  eSSentia“^  the  —  i«  9oneral 

Hi„iZ  ^  “  "  ““  “  “*  -“«■»  «  «*«»  U*.  Ballistic 

•sues  (HRSM)  end  Intermediate  Ban,,  Ballistic  «,s,ii., 

F°tai‘-  Mh  >»»  ‘«9.  inventories  ct  ,tt.t„le 

n»cie«  weapons  which  couid  b.  need  in  ,  tactic. ./.beater  conflict.  The  po- 
tencial  use  of  any  of  these  weapons  cannot  be  ruled  out. 

J. 

Short  Range  Missile  Launchers 

KuT^SS;' *««  taunchera 
Sea-launched  ST  "«»“ 
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SHORT  RANGE  MISSILE  LAUNCHERS  (U) 

Khat  it. Measures.  The  number  of  short  rann’  aissile  launchers  in  the 
inventory  of  both  the  US  and  USSR  is  totaled.  (U) 


(U)  Limitations.  By  combining  all  short  range  missile  launchers  into  one 
total,  the  measure  ignores  individual  system  characteristics  such  as  range, 
warhead  yield,  accuracy,  mobility,  etc. 

The  measure  also  disregards  the  reload  capability  of  each  system  and 
number  of  warheads  available. 

Launcher  location  and  redeployment  capabilities  are  not  considered. 


'  r-4 
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{0)  Uncertainties.  The  n enters  of  past  and  present  Soviet  missile  launch¬ 
ers  ere  known  with  reasonable  accuracy.  Future  estimates  have  a  greater  un¬ 
certainty  and  are  based  upon  US  projections  of  Soviet  force  structure. 

Comment.  Comparisons  of  the  systems  in  the  two  forces  in  1977  are 
shown  in  Figures  F-2  (Number  of  Short  Range  Surface-to-Surface  Missile  launch¬ 
ers,  1977  Inventory)  and  Figure  F-3  (Range  Capability  of  Surface-to-Surface 
Short  Range  Missiles ,  1977  Inventory) .  (U) 


Figure  F-3  iriicates  both  the  maximum  and  minimum  range  capabilities 
of  the  various  systems.  (U) 
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NUCLEAR-CAPABLE  AIRCRAFT  EXCLUDING 
LONG  RANGE  STRATEGIC  BOMBERS  (’J) 


(U)  The  measure  does  not  consider  individual  aircraft  capabilities  such 
as  range,  speed,  number  of  weapons  carried,  delivery  accuracy,  etc. 


(U)  Since  the  measure  totals  all  nuclear-capable  aircraft  except  long 
range  strategic  bombers,  it  is  an  indication  of  a  total  taetical/theatcr 
capability.  However,  due  to  the  present  deployment  of  both  US  and  USSR  forces 
it  is  not  a  true  measure  of  delivery  capability  in  any  one  theater. 

(V)  Uncertainties.  There  is  some  uncertainty  regarding  the  numbers  of 
aircraft,  ;his  uncertainty  is  much  greater  for  future  years  than  past. 

There  is  a  degree  of  uncertainty  relative  to  the  nuclear  capability  '  ‘  a 
given  aircraft  type.  Some  models  of  aircraft  may  all  be  nuclear-capable 
while  other  models  may  have  only  a  few  ,  configured.  In  addition,  not  all 
nuclear-capable  aircraft  arc  assign..  J  primary  nuclear  missions. 


(U)  counting  launchers  disregards  individual  characteristics  such  as 
range,  yield,  accuracies,  reliability,  etc. 

(U)  Uncertainties.  There  is  uncertainty  as  to  the  nunber  of  Soviet 
launchers.  There  is  also  sooc  uncertainty  in  the  nuaber  of  US  launchers 
and  the  rate  at  which  they  will  be  deployed. 

(U)  Cococnt.  Tlie  rapid  rise  in  VS  sea-launched  cruise  missiles  after 
1979  is  attributed  to  the  US  planned  SLCM  program. 


STRATEGIC  WEAPONS  SYSTEMS  (U) 

1.  (0)  General.  This  appendix  lists  the  characteristics  of  the  (IS  and 
USSR  offensive  strategic  ve».-ons  systeas  used  in  this  report.  For'  ZCBHs, 
the  throw-weiqht,  the  nuaber  of  reentry-vehicles  (KVf) ,  yield  per  RV,  CEP, 
and  hardnesses  of  the  1CBM  systeas  are  listed.  Additionally,  the  schedules 
for  upgrading  MINUTEMAN  silo  hardnesses  and  for  the  MK12A  phase-in  are 
presented.  The  &UH  characteristics  listed  are  the  nuaber  of  RVs,  yield 
per  RV,  .CEP,  and  range.  Finally,  beeber  weapons  yields  and  accuracies  and 
the  beeber  loadings  assuaed  in  this  report  are  listed.  These  are  ncninal 
figures  and  were  used  force  wide. 

2.  The  Tables.  The  tables  contained  in  this  appendix  are: 

US  I CBM  Characteristics 

MINUTEMAN  silo  Hardness  Upgrading  Schedule 

KK22A  Phase-In  Schedule 

USSR  ICBM  Characteristics 

US  SIAM  Characteristics 

USSR  SLUM  Characteristics 

Us  and  USSR  Bceber  Weapons  Characteristics  (u) 
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AAM 


At*l 

UCM 


ASS 


Ar* 

BED 

BUS 

CE? 


CM? 

rv/sri 

ry7 

IC2>- 


X.-iM 


EX 

LKA 


Kir?-' 


MSEC 


xyv 

xr 

MVX 

SATO 


FT.’ 


BE 

psi 

rvo 

AV 


GLOSSARY  or  terms 

Anti-Air  Warfare 
Anti-Ballistic  Fissile 
Air-Launched  Cruise  Missile 
Air-to-Surface  Missile 
Anti-Sufeearine  warfare 
Ballistic  Missile  Defense 
See  PBV 

Circular  Error  Probable  (indicator  of  wea:.<<-  e;',i.r«cyt  it 
is  tlie  radius  of  a  circle  wrthit.  which  half  of  the  warheads 
arc  expected  to  fall) 

Counter  Military  Potential,  also  called  "leti.al  .ty“ 

Early  Wamir-g/Gzouad  Control  Intercept 
Equivalent  Megatcns 

Intercontinental  Ballistic  Missile  (approxisat^iy  3,035-  to 
8,050-nauticai  aile  range) 

intezaediate-Kange  Ballistic  Missile  (appruxi:w*.vl y  1,500- 
to  3.000-nauticaZ  eilc  range) 

Kilo ton  (equivalent  to  1,000  tons  of  TST) 

Lonq-hange  Aviation  (Soviet  Avitsiya  Palr.y/o  t^if.viya) 
Multiple  independently  targe  table  Reentry  Vtr.icle 

Hediun-Range  Ballistic  Missile  (approximately  (.’>•*-  to 
1,500- nautical  sale  range) 

Multiple  Reentry  Vehicle 

Megaton  (equivalent  to  1,000,000  tens  of  73X1 

Manufacturing  Value  Added 

North  Atlantic  Treaty  Organization 

Post-Boost  Vehicle  (vehicle  that  carries  nultiple  reentry 
vehicles;  generally  known  as  “bus") 

Peaceful  Nuclear  Explosion 

Pounds  Per  Square  inch 

Air  Defense  Forces  (Soviet  Pxotivo-Vozdushnoi  Oborony  Stranv) 
Reentry  Vehicle 


SAC 

SAL 


Strategic  Air  Cccimand  (US) 

Strategic  Arms  Limitation 
Strategic  Arms  Limitation  Talks 
Surface-to-Air  Missile 
Submarine-Launched  Ballistic  Missile 
Short-Range  Attack  Missile 

Strategic  Rocket  Forces  (Soviet  R&ketr.yye  Vovska  Stratc- 
gieheskoao  Naznac'neniya) 

Ballistic  Missile  Submarine  (diesol-electric) 

Ballistic  Missile  submarine  (nuclear) 

Single  Shot  Probability  of  Kill 
Tactical  Air  Command  (US) 

Vulnerability  Number  (indicator  of  target  vulnerability  to 
blast  effects) 
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